Medical Livrary JUN 1 6 1945 


Vou. 30 JUNE, 1945 


The Journal 


of 


Laboratory and Clinical 
Medicine 


Clinical and Experimental 


Nutritional Survey in Norris Point, Newfoundland. J. Metcoff, M.D., Boston, 
Mass., Grace A. Goldsmith, M.D., New Orleans, La., A. J. McQueeney, 
M.D., Boston, Mass., R. F. Dove, M.D., Norris Point, Nfld., Ellen 
McDevitt, A.B., New York, N. Y., Margaret A. Dove, B.Sc., Norris Point, 
Nfld., and F. J. Stare, M.D., Boston, Mass. ---------------------------- 


Parenteral Nutrition. I. Studies on Fat Emulsions for Intravenous Alimentation. 
J. M. McKibbin, Ph.D., Alfred Pope, M.D., S. Thayer, B.A., R. M. Ferry, 
Jr., and F. J. Stare, Ph.D., M.D., Boston, Mass. -_-_-_------------------ 


Timing of Phagocytic Changes in Malnutrition. Esther Cottingham, M.S., and 
Clarence A. Mills, M.D., Ph.D., Cincinnati, Ohio 


The Administration of Penicillin by Continuous Intramuscular Drip. Ralph O. 
Smith, M.D., and Carl G. Harford, M.D., St. Louis, Mo. ------.-------«- 


Actinomycotic Infection of the Soft Tissues of the Neck; Apparent Cure Follow- 
ing Large Doses of Penicillin. Captain J. H. McCrea, Major R. A. Steven, 
and Major O. O. Williams, Medical Corps, Army of the United States 


Prothrombin in Preserved Blood. R. F. Banfi, C. A. Tanturi, and R. Bay, Buenos 
Aires, Argentina 


The Isolation of Hemolytic Streptococci From Throat Swabs. II. The Efficiency 
of Human and Rabbit Blood in Streaked and Streaked-Poured Plates. 
Robert M. Pike, Ph.D., Dallas, Texas. With the Technical Assistance of 
Higa: OL Uh | nd sod oda aR eke ie ones adnwee guste hese ke sue 


Progress 


Clini: :1 Significance of Serum Protein (Albumin and Globulin) Changes. Edward 
Muntwyléer, PhD 4 BrooklyayN. Y.° -...-2--2.---. 3-2 ek 


(Contents continued on inside cover) 


‘UBLISHED BY THE C. V. MosBy ComPaNy, 3207 WASHINGTON BLvp., St. Louis 3 
Copyright 1945 By The C. V. Mosby Company 





CONTENTS—(Cont’d) 


Laboratory Methods 


Modification of the Hamilton Optical Manometer. Captain D. H. Cahoon, Cap- 
tain R. F. Rushmer, and Lieutenant Colonel C. E. Kossmann, Medical 


Corps, Army of the United States 


A Guinea Pig Holder for Jugular and Cardiac Needling. H. Rowland Pearsall, 
M.D., and Oscar Swineford, Jr., M.D., Charlottesville, Va. ___________-_-_- 


Precipitin Reaction: Quantitative Measurement With a Mercury Sealed Capillary 
“J” Tube. H. Rowland Pearsall, M.D., Stanton L. Eversole, M.D., and 
Oscar Swineford, Jr., M.D., Charlottesville, Va. 


A Polyvalent Serum for the Diagnosis of Salmonella. Oscar Felsenfeld, M.D., 
M.S., and Viola Mae Young, M.S., Chicago, IIl. 


The Use of Test Paper for the Rapid Estimation of Sulfonamides in Blood and 
Other Body Fluids. Lieutenant William V. La Rosa, Sanitary Corps, 


United States Army 


Book Reviews 





CARL V. MOORE, M.D. 
Washington University School of Medicine 
600 South Kingshighway 
St. Louis 10, Mo, 


Editorial Board 


CLIFFORD J. BARBORKA, M.D. 
Northwestern University, Chicago 


PAUL R. CANNON, M.D. 
University of Chicago, Chicago 


CARL D. CLARKE, Ph.D. 
University of Maryland, Baltimore 


RUSSELL L. HADEN, M.D. 
Cleveland Clinic, Cleveland 


GEORGE HERRMANN, M.D. 
University of Texas, Galveston 


DENNIS E. JACKSON, M.D. 
University of Cincinnati, Cincinnati 


JOHN A. KOLMER, M.D. 
Temple University, Philadelphia 


W. C. MacCARTY, M.D. 
Mayo Clinic, Rochester, Minn. 


T. B. MAGATH, M.D. 
Mayo Clinic, Rochester, Minn. 


EDWARD MUNTWYLER, Ph.D. 
Long Island College of Medicine, Brooklyn 


VICTOR C. MYERS, Ph.D. 
Western Reserve University, Cleveland 


M. H. SOULE, Sc.D. 
University of Michigan, Ann Arbor 


GERALD B. WEBB, M.D. 
Colorado Springs, Colo. 





Vol. 30, No. 6, June, 1945. The Journal of Laboratory and Clinical Medicine is publish:-d 
monthly by The C. V. Mosby Company, 3297 Washington Blvd., St. Louis (3), Mo. Subscrip- 
tion Price: United States, its Possessions, Pan-American Countries, $8.50 per year; Canaiia, 
-$9.50; Foreign, $9.50. Entered as Second-Class Matter at Post Office, at St. Louis, Mo., under 


-Act of March 3, 1879. Printed in the U. S. A. 





NUTRITIONAL SURVEY IN NORRIS POINT, NEWFOUNDLAND 


J. Metcorr, M.D.,* Boston, Mass., Grace A. Goupsmiru, M.D.,+ New ORLEANS, 
La., A. J. McQuEENEY, M.D.,* Boston, Mass., R. F’. Dove, M.D.,** Norris 
Point, Nrup., ELLEN McDevirr, A.B.,§ New York, N. Y., 
MarGarer A, Dove, B.Sc.,i Norris Pornt, Nrup., AND 
K. J. Starr, M.D.,* Boston, Mass. 


INTRODUCTION 


UTRITIONAL studies have suggested that malnutrition is an extensive and 

important problem in Newfoundland. Little’? described beriberi in New- 
foundland, stressing in particular its occurrence in association with a diet re- 
stricted largely to white flour, Appleton,*? Aykroyd,” ° Mitchell,” Vaughn and 
Mitchell,” and Steven and Wald®* studied dietaries and deficiency diseases in 
Newfoundland and Labrador. A high incidence of beriberi, vitamin A de- 
ficiency, dental caries, spongy hypertrophied gums, and chronie malnutrition 


was noted. Olds? and MeDevitt and co-workers,!” working in widely separated 
areas of Newfoundland, found low levels of ascorbie acid in the blood in a high 
percentage of persons tested. The most extensive survey of nutrition in New- 
foundland is the recent report by Adamson and associates.'' These workers ex- 
amined 868 people and did certain chemical analyses on the body fluids of nearly 
half of the subjects seen. Deficiencies of vitamin A, riboflavin, and ascorbie acid 
were frequent. 

The present report deseribes a nutritional survey at Norris Point, during 
June, 1944, made with a twofold purpose: (1) rapid assessment of nutritional 
status by examination of a weighted population sample; (2) establishment of a 
baseline from which the future nutrition of the same or similar samples can be 
judged. It was particularly desirable to establish this baseline, for in the near 
future enriched flour was to be introduced into Newfoundland. 

Norris Point is a west coast fishing and logging village of approximately 
100 families. It is typical of many such villages, the inhabitants of which make 
up a large part of the total population of Newfoundland. Many factors favor 
the existence of malnutrition: (1) geographic isolation; (2) primitive trans- 
portation; (3) minimal agricultural production on leached marginal land by 
obsolete wasteful methods; (4) inadequate educational facilities; and (5) poor 
housing, food storage, and cooking facilities. 

The Seoteh-English stock at Norris Point, which comprised the sample, had 
all lived under such influences for at least two years, many for generations. 
The ineidence of blood relationship was high. Certain colloquialisms of speech, 
together with reticence and shyness, particularly in the presence of strangers, 
made accurate history-taking difficult. 

This survey was made possible by a grant-in-aid from the -Williams-Waterman Fund, 
Research Corporation, New York, N. Y. 
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|By order of the Newfoundland Government and on recommendation of the Council on 


Nutrition of the Newfoundland Medical Association, all flour entering the country after July 1, 
i944, is to be enriched to new American standards. 











THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE, JUNE, 1945, VoL, 30, No. 6 


475 








476 METCOFF, GOLDSMITH, MC QUEENEY, DOVE, MC DEVITT, DOVE, AND STARE 


MATERIAL AND METHODS 


The population sample was selected from groups known to be particularly 
susceptible in regard to clinical deficiency disease, notably pregnant and lactat- 
ing women and rapidly growing children. Sueh groups may be considered as a 
sample so weighted as to uncover nutritional deficiency if any exists. This 
sample is not representative of the general nutrition of the community but 
rather is likely to approximate the poorest nutrition. It was felt that if these 
groups showed no evidence of malnutrition, no great amount of malnutrition 
would be present in the population at large. 

The following criteria were established. The family was made the unit of 
study, and only those families in whieh there had been a pregnaney within the 
previous two years were included. In addition to the women of such families, 
their children between the ages of 3 and 6 and 10 and 14 vears were studied, 
while other children were exeluded. Husbands in such families were examined 
when available but often were absent in fishing or lumbering industries. The 
total group was homogeneous with regard to socioeconomic status. Of the 40 
families in Norris Point which fulfilled these criteria, all but one agreed to take 
part in the survey. The sample of thirty-nine families had the following ecom- 
position: women, 39; children 3-6 years of age, 34 (21 boys, 13 girls) ; children 
10-14 years of age, 24 (10 boys, 14 girls); men, 6. Of the women examined, 6 
were pregnant and 14 lactating. Ten additional men seen in the clinie were in- 
cluded in the survey. 

The 113 individuals were examined by a survey team of 6 members in a 
period of ten days. The local physician administered the project and acted 
as liaison officer in the selection of the sample. Three physicians obtained 
medical histories and conducted the physical examinations. All positive physical 
findings were observed by all three physicians and recorded only if there was 
a majority agreement. Two research associates obtained nutritional histories 
and were responsible for photography and assistance in laboratory work. 

The complete examination consisted of five parts: (1) A nutritional history 
was taken, consisting of a record of all nourishment ingested in the previous 
twenty-four hours. A complete list of all available foods was used to remind 
the individuals of foods they may have eaten and to uncover any peculiarities in 
the diet on the day of the test. At the same time the frequency of intake of 
protective foods per day and week was recorded. (2) A detailed medical history 
was taken, and this was later supplemented by the local hospital records. (3) 
A thorough and extensive physical examination was made with special attention 
given to eyes, mouth, skin, and neurological findings. Height and weight were 
recorded on all individuals, and in the case of children the intercristal diameter 
was measured. (4) Photographs consisted of two types: (a) color films of all 
lesions; (b) nude full-length black and white photographs taken of most children 
at a fixed distance, against a standard measuring seale. (5) Laboratory tests 
undertaken ineluded the usual routine urinalysis for qualitative detection of 
sugar, albumin, and cellular material, and the determination of hemoglobin 
and total plasma protein from a 2 to 3 ml. sample of venous blood. The 
gravimetric copper sulfate method of Phillips and associates'® was used. The 
recording was so planned that all necessary data could conveniently be checked 
off or indicated on 5 by 8 filing cards. Diagrams of body surface, face, and 
tongue were included on these cards and proved to be particularly useful in in 
dicating the exact location and extent of lesions and in recalling the various 
eases later when the data were assembled. 
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FINDINGS 


Nutritional History—The diets of all of the families examined showed re- 
markable similarity. Children, as soon as they are weaned, receive the same 
food as adults. A typical daily menu is given in Table I. The main protein 
foods are fish (largely salt cod and herring in the winter), salt pork, beef (with 
much fat), dried beans, and peas. Oceasionally some fresh meat is consumed 
when wild game can be obtained or when a sheep, cow, or pig is slaughtered. 
Lack of storage facilities makes the supply of fresh meat largely dependent on the 
weather. The supply of fresh fish (cod, salmon, lobster, herring, tuna, trout, 
eaplin) is dependent on the run in a particular year. Margarine, fortified 
with 6,000 I.U. of vitamin A per pound, is used as practically no butter is avail- 
able. Fresh vegetables are not available from October to July, and during this 
period root vegetables, including potatoes, turnips, carrots, parsnips, and beets, 
are used in addition to cabbage, which may be either fresh or salted. Potatoes 
are eaten about twice daily unless the family supply is exhausted before the 
winter ends. A few families eat green leafy vegetables in the summer months. 


TABLE I. TypicaL DAtLy MENU 


Breakfast Dinnes | Suppo 
Porridge with milk (30 to 40|Fish (salt or fresh), fried or}Same as noon meal-—leftovers 
ml.) and sugar or molasses} boiled reheated 
or | Potatoes |Bread, biseuits, or cake 
le 
Baked beans or lea 


| 
j | Occasional Foods 


Bread with margarine, jam, or|/Hash (salt meat and potato) 


molasses 


or i|Eggs, two or three times 
Tea | weekly 
|Thick soup (stew) 
Between Meals |Dried peas, cooked tomatoes 
(Two or Three Times Daily) | or | with macaroni, once weekly 


| = 
Bread, biscuits, jam, eake, or/Boiled dinner (potatoes and| Evaporated milk (1 to 2 tsp.) 


cookies | turnips; occasionally cab-| in tea 
bage and earrots; salt or 
Tea | fresh meat if available) | 


|Bread with margarine, jam, | 
| or molasses 


The preparation of vegetables makes it doubtful whether much of the vitamin 
content is retained. Both meat and vegetables are cooked for long periods of 
time. The supply of fruits is limited to a few oranges during the spring and 
summer months, apples and dried fruits, which are used sparingly except in 
jam or deserts, and wild berries, also used in jam. In most instances the bread 
is homemade from unenriched white flour. Breakfast cereals are usually cream 
of wheat or rolled-oat porridge cooked overnight and served with sugar or 
molasses. The consumption of milk, even among children, is low. Of the 54 
children studied, 4 drank no milk, 21 used milk only with tea or cereal, 21 used 
from one-half to one cup a day, and only 8 drank over one cup of milk daily.* 
A small number of persons had food prejudices, tomatoes, dark bread, and milk 
being the most frequent. 

An attempt was made to caleulate the daily intake of various nutrients from 
the dietary histories, using the tables of the Committee on Food Consumption 





*During the winter months all schools that apply are supplied with powdered milk 
free by the government for the children in the school. 
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TABLE IL. Nutrienr INTAKE ESTIMATED FROM 
| 


DinvAry Hi 


ASCOR 


PRO- | CAL- _ | VITA 
FAM- |__| CAL- | IRON | 
" |CASE | TEIN | CIUM MIN A 
ILY ORIES (MG.) 
GM.) | (GM. 2.33.2 
Adult women 27 62 | 2000} 69 | O.4 11 | 1,300 | 
30 | 73 29200 64 0.6 10 1.600 
Children 10-14 | 28 | 66 | 1600) 51 0.3 6 G00 
years of age 23 | 50 1800 52 0.4 11 2.000 
Children 3-6 30* | 74 | 1400] 42 0.6 6 1,200 
vears of age 12¢ ' 25 | 1300! 42 03 1 4 700 
*No cod-liver oil. 
7Cod-liver oil (7). 


EK, AND STARE 


STORY 


TABLE IIL. SyMPpTroMS SUGGESTIVE OF NUTRITIONAL DEFICIENCY 


SYMPTOMS WOMEN 
Kyes 
Burning or itching 20 
Photophobia 17 
Lacrimation 14 
Visual fatigue with blurring 7 
Redness 6 
Discharge 4 
Night blindness 5 
Snow blindness 2 
Lips, tongue, gums 
Burning painful tongue 14 
Cracked painful lips 8 
Sores at angles of mouth o 
Bleeding gums 20 
Cardiovascular and respiratory 
Exertional dyspnea 14 
Palpitation 12 
Precordial pain 3 
Edema 
Frequent upper respiratory infe o 
tions 
Gastrointestinal 
Hemorrhoids with bleeding 10 
Constipation 8 
Anorexia 6 
Indigestion 5 
Chronie diarrhea l 
Weight loss 2 
Neuromuscular skeletal 
Numbness and tingling 1] 
Syncope or dizziness 10 
Muscle weakness 6 
Burning feet 2 
Leg cramps 13 
Painful joints 5 
Skin 
Easy bruising 15 
Burning 2 
General 
Nervousness and irritability 14 
Easy fatigability 10 
General weakness = 
Anxiety 4 
Insomnia I 
Depression l 


'THIA- | RIBO- 
BI¢ | | 
MINE | FLAVIN | 
} ACID | | 
(MG.) | (MG.) | 
(MG. ) | | 
+] O08 | O98 
35 09.) 2a 
18 0.5 0.7 
41 1.1 io | 
P6 U.6 ‘2 | 
6 O24 | 0.7 | 
NUMBER OF CASES 
CHILDREN (24) MEN 
10-14 YR (16) 
3 ° 
4 3 
4 y 
| 1 
0 4 
0 9 
0 3 
2 9 
1 2 
7 6 
0 0 
6 S 
0 3 
0 2 
0 0 
0 0 
0 Z 
l » 
E: 4 l 
Q 3 
1 7 
l l 
0 1 
1 7 
l 2 
0 2 
0 3 
] 4 
0 1 
0 K 
0 { 
1 7 
0 2 
H] 1 
0 0 
0 0 
0 0 


NI- 
ACIN 


(MG. ) 
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of the National Research Council. This was possible in only a small number and 
even in these the figures represent rough approximations. Findings representa- 
tive of the dietary data are given in Table II. The figures given for the 
ascorbic acid content of the diet are probably much too high because of losses 
in preparation of food. Since the dietary calculations were subject to such 
gross error, they were not used in the appraisal of nutritional status. 

Symptoms.—The pertinent symptoms are listed in Table III for all groups 
except children between the ages of 3 and 6 years, in which group symptoms could 
not be evaluated. Burning and painful eves, visual fatigue, photophobia, and 
lacrimation were frequent complaints. All persons were familiar with the 
terms night blindness and snow blindness, and of the 79 adults and older children 
questioned, 8 gave a history of night blindness and 13 of snow blindness. Sore- 
ness of the tongue had been noted by 17 persons and cracked painful lips by 21. 
Bleeding gums had been present in 29 individuals, more than one-third of the 
group. There was a high incidence of exertional dyspnea and palpitation as 
well as complaints of numbness and tingling of the extremities, syncope, and 
dizziness. Cramps in the legs, nervousness and irritability, and easy fatigability 
were common complaints of the women. ‘* Indigestion’? or dyspepsia and econ- 
stipation were frequent gastrointestinal symptoms, and it is of interest that 
Steven and Wald* commented on a condition known as ‘* Newfoundland 
stomach,’’ which was characterized by these symptoms in association with many 
vague general complaints. They suggested that the condition might be related 
to thiamine deficiency. 

As would be expected, the various symptoms were more prevalent in the 
adults. 

Physical Findings.—The findings on physical examination are given in 
Tables IVA and IVB. Various eve signs were quite prevalent, particularly 
conjunctival thickening and injection and Bitot’s spots. The designation 
‘“‘marked thickening’’ includes instances of pterygium and pinguecula. The 
term ‘‘conjunctival injection’? includes an increase in the blood vessels along the 
equator as well as gross injection of the eyeball. An invasion of the cornea by 
blood vessels from the cireumlimbal plexus, visible with a hand lens, was desig- 
nated as a ‘‘pannus.’’ Bitot’s spots were diagnosed in 50 per cent of the adults 
on the basis of well-defined white or yellowish pearly elevated spots loeated on 
the scleral conjunctiva, usually near the corneal limbus. The incidence of all 
of the eye signs increased with the age of the individuals examined, and injec- 
tion of the conjunctiva was mueh higher in adult men than in adult women. 

One of the must frequent signs observed was some change in the papillae of 
the tongue; this was present in over 75 per cent of the 113 persons examined. 
Slight changes included either minimal enlargement and redness of the fungi- 
form papillae or slight atrophy of the papillae at the tip or sides of the tongue. 
Moderate to marked changes occurred in more than 20 per cent of the men 
and children and in more than 50 per cent of the women. A magenta-colored 
tongue was observed in 12 per cent of the men, 21 per cent of the children, and 
51 per cent of the women. Angular stomatitis was found in 12 per cent of the 
men, 19 per cent of the children, and 28 per cent of the women. 

Lesions of the teeth and gums were very common. Dental caries was found 
in over 80 per cent of persons, being high even in children 3 to 6 years of age; 
however, caries and missing teeth cannot be evaluated by American standards 
us there is no preventive dentistry in Norris Point, and when symptoms are 
severe or caries is extensive, extraction of teeth is the rule. The incidence of 
periodontal disease was high and inereased with age. Gums which bled on touch- 
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TABLE IVA. PuHystcaL SIGNS SUGGESTIVE OF NUTRITIONAL DEFICIENCY 


NUMBER OF CASES 


“CHILDREN (58) 


pa "RE “See. Waa Ao 
(39) te “ (16) 
(34) (24) 
Eyes 
Conjunctiva thick—pigmented 
Slight 2 5 5 
Moderate 17 | ° 9 
Marked 19 l 2 6 
Bitot’s spots 19 | 4 8 
Conjunctival injection 21 6 3 14 
Cireumcorneal injection i) 5 Ht) 9 
Pannus 4 0 l 3 
Xerosis 0 0) 1 0 
Tongue 
Papillae, atrophy and/or hyper 
trophy _ 
Slight 10 15 12 f 
Moderate 8 8 3 3 
Marked 15 3 > | 
Magenta color 20 7 5 2 
Red tip and/or sides 5 7 > a) 
Fissures 17 () » ” 
Erosions or ulcers 3 I 0 0) 
Serrations and swelling l 0 0) 2 
Lips and mouth 
Angular stomatitis 1] 6 5 2 
Cheilosis » ” | 
Pallor of mucous membrane 6 | 0 0 
Uleers of mouth 2 l 0 0 
Teeth and gums 
Caries 
Slight 7 9 15 4 
Moderate 10 6 I | 
Marked 17 11 6 5 
Edentulous 5 0 0 9 
Periodontal disease 
Slight 3 5 S 3 
Moderate 15 0 0 8 
Marked 10 l l 3 
Bleeding gums S l ° 4 


ing were present in 21 per cent of the women, 25 per cent of the men, and 7 per 
cent of the children. 

On examination of the skin, there were numerous abnormal findings. 
Changes in the sebaceous glands of the face of the type often seen in aribo- 
flavinosis were common. Follicular hyperkeratosis was found in 386 per cent 
of the women, 48 per cent of the children, and 50 per cent of the men. This 
term includes mild ‘‘permanent goose flesh’’ involving merely the arms or 
thighs, as well as more severe and extensive lesions. Petechiae, purpuric spots, 
and general pallor were rarely observed. 

Objective neurological findings included calf musele tenderness and reflex 
and sensory disturbances in the feet and legs, although these findings were not 
so frequent. It is interesting to note the frequeney with which systolic heart 
murmurs were encountered. Systolic heart murmurs have often been deseribed 
in beriberi. The skeletal abnormalities which were suggestive of rickets are given 
at the end of Table IVB. The height of each person was recorded and the 
weight was taken without shoes but with the person wearing either undereloth- 
ing or a bathrobe. The adults were, in general, of short stature and thin. Only 
one woman of the group was definitely obese. The children appeared to be under- 
size both in height and weight, and comparison with standards of healthy white 
American children'* '* '° indicated a trend in this direction. In Fig. 1 are 


5 
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TABLE IVB. PHYSICAL SIGNS SUGGESTIVE OF NUTRITIONAL DEFICIENCY 


“NUMBER OF CASES 
CHILDREN (58) 











ties wo SO ye. 10-12 YR. (4G) 
(39) fe (16) 
(34) (24) 
Skin—facial 
. Seborrhea, nasolabial 7 7 D 1 
Seborrhea, face, ears 5 4 2 0 
Erythema D 2 l 0 
Skin—general 
Follicular keratosis 14 16 12 8 
Dryness and sealing ( | | 0 
Acneiform eruption 4 0 l 0 
Thick and pigmented over elbows 12 2 7 2 
and knees 
Purpura and petechiae 4 0 () 0 
Bluish-red, cold extremities 5 3 4 S 
Neuromuscular 
Calf tenderness 5 0 (0) Ee 
Absent knee jerk or ankle jerk “ l 0) l 
Plantar dysesthesia 3 () 0 » 
Motor weakness (legs) l () ) 0 
Absent or decreased vibratory = (0) 0 3 
sensation 
Cardiovascular 
Svstolic murmur 23 8 | 0 
Pitting edema 0 0 0 0) 
Skeletal 
Frontal or parietal bosses 10 0) 
Protuberant abdomen v 0 
Harrison’s groove 6 2 
Knock-knees 6 0) 
Wrist joints enlarged 2 0) 
Enlarged costochondral junctions 2 6 
Winged scapula l 3 
Flaring ribs l 1 


Scoliosis 0 ] 
given the findings for boys. It can be seen that the weight of the Newfoundland 
hoys aged 3 to 6 years was within the normal range of the American group but 
that 8 of 19 children were of shorter stature than 80 per cent of healthy Amer- 
ican boys. In the group 10-14 years of age, 3 of 10 boys were underweight and 
7 were underheight according to these American standards. Somewhat similar 
findings were recorded among the girls, as indicated in Fig. 2. It should be 
noted that none of the children were above the ranges in height or weight. The 
intercristal diameter was measured in the children aged 3-6 years and was 
found to be within the range of normal American children as given by Vickers 
and Stuart." 

In an appraisal of general attitude and mental and emotional reactions, it 
was observed that both women and children were extremely shy and often 
apathetic. The children, especially, lacked spontaneity and were inactive and 
quiet. There was no enthusiasm or exuberance of spirit and little inquisitiveness 
was manifest during the examination procedure. Children appeared older than 
their years as far as facial expression was concerned. Very little humor was 
exhibited, and in adults a lack of initiative with an attitude of acceptance of 
difficulties was the rule. Apathy in the children and the paucity of ambition 
and ‘‘pep’’ were noted by Mitchell*® in her studies in Newfoundland. However, 
the lack of organized play may be a contributing factor to these conditions. 

Laboratory Findings. Hemoglobin determinations were made in 387 women 
and 42 children. In Table V are given the findings as well as the criteria used 
in judging the degree of anemia. The incidence of anemia, as might be 
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TABLE V. INCIDENCE OF ANEMIA AS INDICATED BY HEMOGLOBIN DETERMINATIONS 

















WOMEN (37) | CHILDREN 3-6 YR. (21) [CHILDREN 10-14 yr. (21) 

HEMO- -ER eMO- -ER 2MO- -ER 
ae ee ae on 7m HEMO- vy op PEI 

GLOBIN *. ~6 CENT | +GLOBIN CENT | GLOBIN . °_ CENT 

CASES : CASES e CASES a 

(GM. %) CASES | (GM. %) CASES | (GM. %) CASES 

Severe anemia < 10.0 1 Pi aa i -aae 15 0 0.0 < 10.0 0 0.0 
Moderate anemia} 10.0-11.5 11 29.7 9,6-10.5 1 5.0 10.1-11.0 2 9.5 
Slight anemia 11.6-12.5 10 27.0 10.6-11.5 7 35.0 11.1-12.0 2 9.5 
No anemia S 425 15 40.5 = dico gS 60.0 > 120 re 81.0 


anticipated, is highest in the women, 60 per cent of the sample, while 40 per cent 
of the younger and 19 per cent of the older group of children had subnormal 
levels of hemoglobin. 

Plasma protein determinations were carried out in 38 of the women and 48 
of the children, The results are given in Table VI. A protein level of less than 
6.0 Gm. per cent was considered suggestive of hypoproteinemia, and this was 
found in 6 children and 8 women. 


TABLE VI. PLASMA PROTEIN VALUES 


GRAMS PER CENT OF PLASMA PROTEIN 
GROUP — — 


<55 = 5.55.9 6.06.4 65-69 70-74. 7.5 
Women (38) ; 0 3 Oe a ae ; 9 ] 
Children 3-6 yr. (21) | 5 i) 5 l 0 
Children 10-14 yr. (22) 0 0 4 13 5 0 


DISCUSSION 


An attempt was made to determine the frequency with which nutritional 
deficiency occurred in the sample by evaluating symptoms, objective physical 
signs, and laboratory data. All of the symptoms and signs listed in Tables II], 
IVA, and IVB and some of the laboratory data in Tables V and VI are sugges- 
tive of various types of inadequate nutrition, although none alone is pathog- 
nomonie for a nutritional deficiency. They must be interpreted together and 
evaluated in terms of the individual as a whole. As a convenient and conserva- 
tive way of applying the data obtained in the diagnosis of deficiency disease, 
a purely arbitrary classification was set up and each individual was diagnosed 
as having apparent, suggestive, questionable, or no deficiency in regard to each 
of the vitamins, as well as to iron and protein. Apparent deficiency was 
diagnosed if the person showed three signs or two signs and one or more symp- 
toms which are considered to be characteristic of deficiency of a given dietary 
substance. Suggestive deficiency was indicated when the person showed two 
signs, or one sign and one or more symptoms. <A person was designated as 
having questionable deficiency if only one sign was present or if signs were less 
definite. Symptoms alone were not used as the basis for the diagnosis of a 
deficiency. Individual judgment plays a considerable role in any such classifica- 
tion, and some of the criteria used in the evaluation may be shown to be in- 
correct. Nevertheless, such an evaluation gives an estimate of the incidence of 
deficiency disease in the community studied. 

The results are given in Table VII, and it is observed that 41 per cent of 
the total sample were judged to have an apparent deficiency ; 37 per cent, sug- 
gestive deficiency; 13 per cent, questionable deficiency; and only 9 per cent, 
no deficiency. The incidence of apparent deficiency was highest in the women, 
next highest in the men, and lowest in the children of the 3-6-year group. 

The incidence of apparent and suggestive deficiency of individual factors 
is given in Table VIII. Deficiency of vitamin A, riboflavin, and iron were 
the conditions most frequently encountered. Women showed the highest in- 
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TABLE VIE. INCIDENCE OF NUTRITIONAL DeFICIENCY-—GENERAL CLASSIFL 


APPARENT SUGGESTIVE QUESTIONABLE 


DEFICIENCY 


TOTAL | 
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ATION 


NO 





No. | | DEFICIENCY | DEFICIENCY | DEFICIENCY 

GROUP = i | ee i —— 
EXAM-| NO.OF PER | NO.OF PER | NO.OF PER | NO.OF — PER 

INED | CASES CENT | CASES CENT | CASES CENT | CASES CENT 

Women 39 | 24 G15 12 Ss 5.1 I 2.6 
Children 3-6 yr. 34 | s 93.5 16 | 7 20.6 3 S.8 
Children 10-14 vr. 24 7 29.2 7 7) 20.8 4° 20.8 
Men 16 | 7 3.8 7 : l 6.3 l 6.3 
Total 8 #8=—| 113, 16 40.7. | 4 37.2 15 [33 10 8.8 


TABLE VIIT. INCIDENCE OF SPECIFIC NUTRITIONAL DEFICIENCIES 


CHILDREN (58) 











| "(39). | 3-6 YR. | 10-14 yR. | nee | TOTAL 
TYPE OF DEFICIENCY | 5 | (34) | (24) 
INO.OF PER |NO.OF PER |NO.OF PER |NO.OF PER |NO,OF PER 
|CASES CENT |CASES CENT |CASES CENT |CASES CENT |CASES CENT 
Vitamin A | 
Apparent | ©: a5 «4 2.0 4 16.7 ! 25.0 | 18 15.9 
Suggestive | 15 385 | 4 11.8 6 25.0) 8 50.0 | 33 29.2 
Thiamine | 
Apparent | 3 BY | 0 0.0) 0 0 | 2 25; 6& 1.4 
Suggestive =: “fv 0 0.0 | 0 0.0 | 25.0; 7 6.2 
Riboflavin | | 
Apparent } Jl 28.2 4 11. ) 20.8 ! 20.0 | 24 21.2 
Suggestive 1] 28.2 ) 14.7 > 12.5 6 7 | 20 22.1 
Niacin | | 
Apparent | 0 0.0) 0 0.0 0 0.0 | O 0.0 0 0.0 
Suggestive jee: ey Ge 2.9 0 0.0 1 60.) 5 4.4 
Aseorbie acid | | | 
Apparent 0.0 | 0 0.0 0 0.0 0 0.0 | O 0.0 
Suggestive | 9 12.8 | l eae 12.5 5 18.8 12 10.6 
Vitamin D 
Apparent — | oe i 6S 12.5 - 5 8.6 
Suggestive | 7 20.6 0) 0.0 i. 323 
Iron 
Apparent (Hgb <11.5 2 324] 1 5.0 2 9.5 IS =. 20.3 
Gm. ) 
Suggestive (Hgb. 11.6- 10 = 27.0 i 19.0 2 9.5 19 24.1 
12.5, Gm.) 
Plasma protein 
Apparent (<5.5 Gm. %)| 0 00; 1 4.8 0 0.0 - - l 1.2 
Suggestive (5.5-6.0 Gm. | 3 79 | 5* 23.8] 0 0.0 | 8 9.9 
%) hie Tia ae Se 
*Hemoglobin and plasma protein determinations were made on only 21 children in this 
age group. 
TABLE LX. DISTRIBUTION OF MULTIPLE DEFICIENCIES 
Sze en PHREE DE- FOURDE- FIVE DE-_ 
— FICIENCY FICIENCY FICIENCIES FICIENCIES FICIENCEIS FICIENCIES 
Women (39) 3 8 16 7 4 1 
Chiidren 8-6 yr. (34) 10 14 8 2 0 0 
Children 10-14 yr. (24) 10 4 6 2 y 0 
Men (16) 2 4 5 2 3 0 








TABLE X. NUTRITIONAL DEFICIENCY COMPARED WITH THE NUMBER OF PREGNANCIES 





NUMBER OF WOMEN 





DEFICIENCY* 


NUMBER OF 


Reg NO DEFICIENCY t 
PREGNANCIES 











13 1-3 ~ 12 (92%) tf). 
16 4-6 15 (94%) 1 (6%) 
10 7-12 9 (90%) 1 (10%) 
Total 39 36 (92%) 3. (8%) 
*Deficiency refers to the diagnosis of an apparent or suggestive deficiency in an indi- 
vidual mother. 
{No deficiency refers to questionable and no deficiency in an individual mother, 
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cidence of deficiency of riboflavin and iron, while men showed a greater inei- 
dence of vitamin A deficiency. There were no instances of typical pellagra, 
and niacin deficiency was considered to be infrequent. We felt that in many 
instances an inadequate supply of niacin accompanied riboflavin deficiency, al- 
though signs suggestive of the latter dominated the clinical picture. 

Thiamine deficiency as indicated by objective findings was infrequent, but 
svinptoms suggestive of this deficiency were common: however, using the criteria 
arbitrarily set up, a diagnosis of apparent or suggestive thiamine deficiency could 
rarely be made. In addition, few men were ineluded in the sample, and it was 
pointed out by Aykroyd’ that SO per cent of the beriberi he observed in New- 
foundland occurred in men. The low incidence of ascorbic acid deficiency is 
undoubtedly due to the rigid eriteria used in this survey. If the presence of 
gum changes alone was considered to be definite evidence of vitamin ( deficiency, 
the incidence would be extremely high. If plasma or whole blood ascorbie acid 
values could have been determined, they probably would have been low. This 
would have given another objective sien and the incidence of ascorbie aeid 
deficieney as judged by the arbitrary eriteria set up would have increased con- 
siderably. Twelve children of the 58 examined had signs of old rickets. Hypo- 
proteinemia was rarely observed except in the voung children, and here it may 
be questioned as to whether a plasma protein value of less than 6.0 Gm. per cent 
is indicative of hypoproteinemia. 

Many persons had a deficiency of more than one essential food factor. The 
distribution of multiple deficiencies is given in Table IX. 

The knowledge that nutritional requirements are elevated during pree- 
naney and the increasing realization of the importance of good nutrition during 
this period make it of interest to evaluate these data with reference to the 
clinical incidence of nutritional deficiency in relation to pregnaney and to the 
age of the mother. In the sample of 39 mothers, 36 (92 per cent) had either an 
apparent or suggestive deficiency of any of the several types observed. The 
incidence of deficiency associated with pregnaney is high and remarkably con- 
stant irrespective of the number of pregnancies as shown in Table X. 

The most prominent deficiencies in the adult women were vitamin A, 
riboflavin, and iron. Many mothers had combinations of these deficiencies. 
The total incidence of these deficiencies correlated with the number of preg- 
nancies and wit. age of the mothers is given in Table XT. There appears to be 
an increasing incidence of vitamin A deficieney with additional pregnancies and 
in the age group over 36. Deficiency of riboflavin and iron was higher in the 
eroup with four to six pregnancies than in the group with fewer pregnancies. 
Deficiencies of these two nutrients were higher in the group 26 to 30 vears of age. 


TaBLE XI. Speciric NUTRITIONAL DEFICIENCIES COMPARED WITH NUMBER OF 
PREGNANCIES AND AGE 


KIBOFLAVIN IRON 





~ NUMBER OF ~ VITAMIN A 














WOMEN DEFICIENCY DEFICIENCY DEFICIENCY” 
Number of pregnancies ’ 
1-3 13 $4 (31%) 5 (38%) 7 (E8%) 
4-6 16 li (69%) 13 (81%) 11 (69%) 
7-12 10 9 (90%) 4 (40%) + (44%) 
\ge group (yr.) 
18-25 10 $f (40%) 4 (40%) 5 (50%) 
26-30 10 G (60%) 9 (90%) 7 (70%) 
31-36 9 dD (96%) 5 (36%) 5 (63%) 
Over 36 10 9 (90%) 4 (40%) 5 (58%) 
Potal 39t 24 (62%) 22 (56%) 22 (59%) 





*Deficiency—both apparent and suggestive deficiency are grouped in this category. 
+Hemoglobin determined in 37 patients. 
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If one correlates the total number of all the individual deficiencies in the group 
of women with the number of pregnancies and age, a relationship similar to that 
of riboflavin and iron is obtained; that is, there was a greater incidence of all 
deficiencies in the group with four to six pregnancies and in the group 26 to 30 
years of age. In connection with these correlations, it should be noted that the 
number of pregnancies increased with the age of the mother. It follows that the 
influence of pregnancy alone in increasing the incidence of deficiency disease 
cannot be ascertained from these data. 

An interesting finding was noted when the family groups were studied 
as a unit for incidence of nutritional deficiency. In a majority of instances the 
same type of deficiency disease was noted in the children as was shown by the 
mother. In some families almost identical lesions were seen in each of the mem- 
bers. This was particularly true of changes in the tongue. The ineidence of 
deficiency was highest in the children of mothers who had had five or six preg- 
nancies (79 per cent) and next highest in the children of mothers who had had 
three or four pregnancies (57 per cent). 

From the records of the local hospital it was possible to obtain information 
regarding the administration of vitamin preparations, liver, and iron to persons 
included in this survey. Fourteen persons had received iron; 14, some source 
of the vitamin B complex; 12, cod-liver oil; and 2, thiamine. Of this group of 
42 persons who had received therapy, 21 had no evidence of the nutritional 
deficiency for which the supplements had been preseribed. A number of persons 
who had received no medication were also without evidence of deficiency disease ; 
for example, 10 women had no anemia and 11 no evidence of riboflavin deficiency. 
It is probable that the persons treated were those with severe deficiency states 
and that as a result of therapy, the incidence and severity of nutritional de- 
ficiency were somewhat decreased. 

A few other observations made during the survey may be mentioned. There 

ras practically no hypertension. One man had a blood pressure of 160/90, while 

2 women had blood pressures of 140/105 and 140/100, respectively. The in- 
cidence of tuberculosis is high in Norris Point, but only one of the persons 
examined had evidence of tuberculosis and the lesion was minimal. The death 
rate from tuberculous meningitis is relatively high in children. Of the women 
examined, 2 had diffuse and one nodular nontoxic goiter, 2 showed signs of 
mild hyperthyroidism, and 1 of severe hypothyroidism. Three women had 
symptoms suggesting chronic choleeystitis, and 1 man had a peptic ulcer. Three 
women gave a history of some type of toxemia of pregnancy. There were 3 in- 
stances of definite and 3 of probable heart disease among the women, 2 of heart 
disease in the children, and 1 in the group of men. Rheumatie fever is the 
usual etiologic factor in heart disease in the community of Norris Point. 


SUMMARY 


A survey of the nutritional status of a selected sample of recently pregnant 
women, their preschool and preadolescent children, and their husbands and 
a few additional men living in the community of Norris Point, Newfoundland, 


is reported. The sample was selected to represent the poorest nutrition in the 
community and consisted of 39 women, 34 children in the age group 3-6 vears, 24 
children 10-14 years of age, and 16 men. This group comprised about 40 per 
cent of the entire population of the village. 

On the basis of medical histories, physical examination, hemoglobin and 
plasma protein determinations, the incidence of nutritional deficiency among 
the women was as follows: apparent, 61 per cent; suggestive, 31 per cent; 
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questionable or none, 8 per cent. Children were similarly evaluated and showed 
the following: preschool children—apparent deficiency, 23 per cent ; suggestive, 
47 per cent; and questionable or none, 30 per cent; preadolescent children— 
apparent deficiency, 29 per cent; suggestive, 29 per cent; and questionable or 
none, 42 per cent. Of the men, 44 per cent had apparent, 44 per cent suggestive, 
and 12 per cent questionable or no deficiency. Multiple deficiences were the 
rule, and those most frequently encountered were vitamin A, riboflavin, and iron 
in the women and children; vitamin A and riboflavin in the men. Dietary 
histories were taken but were not used in estimating the incidence of deficiency 
disease because of the inaccuracies inherent in this procedure. 

A hemoglobin of less than 11.5 Gm. per cent was found in 32 per cent of 
the women and in 7 per cent of the children. A plasma protein value of less 
than 6.0 Gm. per cent was found in 8 per cent of the women and 14 per cent of 
the children. Marked dental caries was recorded in 44 per cent of the women, 29 
per cent of the children, and 31 per cent of the men. Severe periodontal disease 
was noted in 26 per cent of the women, 3 per cent of the children, and 19 per 
cent of the men. Twenty per cent of the children had evidence of old rickets. 

The findings indicate a need for remedial measures. An isolated community 
such as Norris Point is an ideal laboratory for investigation of the value of 
various therapeutie procedures. 

The authors wish to express appreciation for the cooperation of the Department of 
Public Health and Welfare of Newfoundland and the Council on Nutrition of the New- 
foundland Medical Association, and to Sir John Puddester, Commissioner of Public Health 
and Welfare, Newfoundland, Dr. James MeGrath, Chairman of the Nutrition Council of the 
Newfoundland Medical Association, Dr. Leonard Miller, Director of Medical Services for New- 
foundland, and Mr, O. E, Symes, Deputy Secretary for Supply, Newfoundland, who contributed 
to the arrangements for this work. They are indebted to Mrs, Elizabeth K. Caso, Department 
of Nutrition, Harvard School of Public Health, for an analysis of the dietary data. Figs. 1] 
and 2 were devised by Dr. Harold C. Stuart, of the Harvard School of Public Health, who 
kindly furnished them to us. 

REFERENCES 


1. Little, John W.:  Beriberi Caused by Fine White Flour, J. A. M. A. 58: 2029, 1912. 

2. Little, John W.: Beriberi, J. A. M. A. 63: 1287, 1914. 

8. Appleton, V. B.: Observation on Deficiency Disease in Labrador, Am. J. Pub. Health 
11: 617, 1921. 

t. Avkrovd, W. R.: Vitamin A Deficiency in Newfoundland, Irish J. M Se. 28: 161, 


1928, 

5. Avkrovd, W. R.:  Beriberi and Other Food Deficiency Diseases in Newfoundland and 
Labrador, J. Hyg. 20: 357, 19380. 

6. Mitehell, Helen S.: A Nutrition Survey in Labrador and Northern Newfoundland, 


J. Am. Dietet. A. 6: 29, 1930. 

7. Vaughn, Margery, and Mitchell, Helen S.: A Continuation of a Nutrition Project 
in Northern Newfoundland, J. Am, Dietet. A. 8: 526, 1933. 

S. Steven, D., and Wald, G.: Vitamin A Deficiency, Field Study in Newfoundland and 
Labrador, J. Nutrition 21: 461, 1941. 

9, Olds, J. M.: Some Original Studies in Vitamin C. Paper delivered before Newfound- 
land Medical Association, 1941. 

10. MeDevitt, E., Dove, M. A., Dove, R. F., and Wright, I. S.: Vitamin Status of the Popula- 
tion of the West Coast of Newfoundland With Emphasis on Vitamin C, Ann, 
Int. Med. 20: 1, 1944. 

11. Adamson, J. D., Jolliffe, N., Kruse, H. D., Lowry, O. H., Moore, P. E., Platt, B. S., 
Sebrell, W. H., Tice, J. W., Tisdall, F. F., Wilder, R. M., and Zameenik, P. C.: 
Medical Survey of Nutrition in Newfoundland, Canad. M. A. J. 52: 227, 1945. 

12. Phillips, R. A., Van Slyke, D. D., Dole, V. P., Emerson, K., Hamilton, P. B., and Archi- 
bald, R. M.: The Copper Sulfate Method for Measuring Specifie Gravities of 
Whole Blood and Plasma, Bull. U. S. Army Med. Dept., No. 71, pp. 66-838, Decem- 
ber, 1948. 

13. Vickers, V. S., and Stuart, H. C.: Anthropometry in the Pediatrician’s Oftice, J. 
Pediat. 22: 155, 1943. 

14. Meredith, Harvard V.: The Rhythm of Physical Growth, Iowa City, lowa, 1935, Uni- 
versity of Lowa Press. 

15. Boynton, Bernice: The Physical Growth of Girls, Iowa City, Iowa, 1936, University 
ot Iowa Press. 








PARENTERAL NUTRITION 


I. STupIES ON Fat EMULSIONS FOR INTRAVENOUS ALIMENTATION 


J. M. McKipsryx, Po.D., ALFRED Pore, M.D., S. THayer, B.A., 
R. M. Ferry, Jr., aNd I. J. Stare, Pu.D., M.D. 
Bostox, Mass. 


ARENTERAL NUTRITION has an important place in the practice of medi- 

cine and surgery and is a phase of applied nutrition in which there is con- 
siderable interest at present. The extent to whieh parenteral nutrition should 
furnish complete nutrition depends naturally on the nutritional state of the 
patient and the length of time over which parenteral alimentation is io be used. 
kor limited periods in the well-nourished individual, saline and @lucose are usu- 
ally adequate, but for longer periods of time and in poorly nourished patients 
more completeness in nutritional therapy is certainly needed. 

Of the six broad classes of nutrients —protein, fat, carbohydrate, minerals, 
vitamins, and water—all have been given parenterally, at least on occasion. 
The parenteral administration of water, saline, and glucose are con:monplace. 
More recently the water-soluble vitamins and various protein) preparations 
(casein. hydrolysates, plasma, albumin, ete.) have been used parenterally. 
Preparations of the fat-soluble vitamins A and D suitable for parenteral ad- 
ministration are available though are not widely used. As far as we know, min- 
eral mixtures other than saline, designed to supply the body with the many 
inorganic elements needed in normal nutrition, have not been devised. While 
fat has been given parenterally, its administration by this means is quite un- 
usual and it is generally not considered in parenteral therapy. 

In a preliminary note on ‘complete parenteral nutrition’ ’! we reported ex- 
periments in which dogs were infused with mixtures containing all the nu- 
tritional factors known to be required by that species. These infusion mixtures 
contained an emulsion of fat. Because the tat emulsion appeared to be one of 
the sources of trouble in these experiments and because we believe fat is a de- 
sirable constituent of a complete parenteral nutrition medium, studies were di- 
rected to the fat emulsion. 

The chief advantage of the use of fat in parenteral nutrition resides in its 
contribution to the energy intake. Since oil-in-water emulsions do not exert 
osmotic effects, any convenient concentration of fat may be used. This, coupled 
with the high energy content of fat, makes it possible to introduce considerable 
quantities of energy into relatively small volumes of infusion mixture. The use 
of fat in such a mixture renders it more **physiologic’” in its content of the basic 
foodstuffs and may thereby serve useful metabolic purposes. The lowering of 
the specifie dynamic action of protein by the concomitant feeding of tat? is such 
an example of the dietary value of fat. In an infusion mixture fat ean also 
serve as carrier for the fat-soluble vitamins. 

There are numerous references in the literature to the intravenous use of 
oil-in-water emulsions. Of these perhaps only a dozen have been devoted to 
emulsions for intravenous alimentation, the others being devoted to metabolic, 
pathologic, and pharmacologic studies. The former have been briefly reviewed 
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by Dunham and Brunsehwig.’ It is significant that only a few of these have 
been experimental studies and only in three’ ** have experiments been de- 
scribed covering the daily infusion of fat for any period of time. In this paper 
we wish to deseribe the preparation of a number of fat emulsions and their effects 


upon dogs when given daily by infusions over varying periods of time. 


EXPERIMENTAL 


Emulsification.—In our early experiments! emulsions were prepared with a 
small hand homogenizer. This does not operate at sufficiently high pressures 
to give droplet sizes as small as those of the chylomicron emulsion (diameter, 
39 mu to 1 pw). It was thought that some of the untoward effects of our early 
infusion mixtures might be attributed to emulsions with too great a droplet size. 
Accordingly, a high pressure homogenizer* was obtained which has been used 
for all the experiments to be deseribed. This machine operates at pressures 
up to 9,000 pounds per square ineh and produces emulsions of droplet size 
roughly comparable to that of the ‘‘bright’’ ehylomicra. All of the emulsions 
deseribed were prepared at pressures from 2,000 to 3,800 pounds per square 
inch since data of the Cherry-Burrell Corporation and our own experience in- 
dicate that little further reduction in partiele size may be expected at pressures 
above 2,000 pounds. 

Stabilization The problem of stabilization of emulsions is an extremely 
difficult one under ordinary conditions and the extra **breaking’’ impetus of 
sterilization by autoclaving adds to the problem. The stabilizer (a) must main- 
tain the status quo of the emulsion from preparation through autoclaving and 
standing, (b) must be relatively nontoxic, and (¢) its emulsions must be non- 
toxic. In our experience, a great number of common ‘‘stabilizers,’* **emulsi- 
fiers,’ and ‘*wetting agents’’ ‘9 not efficiently fulfill the first requirement, and 
almost none fulfill the other two requirements. Most investigators have used 
ege “lecithin’’ as the stabilizer for their emulsions,’ * °° but the expense and 
unavailability of this substance induced us to try other materials. There are two 
general types of emulsion stabilizers: the surface-active or ‘wetting agent’’ 
type and the hydrophilic colloids. The first is believed to effeet stabilization 
by orientation at the oil-water interphase, thereby imparting a charge at the 
periphery of the droplet; the second is believed to envelop the droplet with a 
protective film of the colloidal material. Since surface-active materials are 
hemolytic and generally toxie, it would appear that dangerous cumulative toxic 
effects might result unless the substance could be efficiently metabolized. A 
search was made for surface-active substances containing chemical groupings 
similar to those of tissue substances. ‘‘Tgepon T,’’ olvl-taurine,t was tried since 
it resembles the bile salt taurocholie acid in containing a fat-soluble acid in 
peptide linkage with taurine. Cetyl phosphorie acid, prepared by a slight modi- 


10 


fication of the method of Christensen,'’ was used in the hope that a phosphatase 


could reduce its toxicity. Phemerol and Phemerol octyloxvacetate,t and Glycery] 
eate edible A and Glycery] mono laurate§ were not studied since they were 
found unsatisfactory as stabilizing agents. 

Of the hydrophilic colloid group, a series of gelatins and phosphatides were 
studied. These ineluded an edible gelatin,|| two gelatins developed for intra- 


*Cherry-Burrell Junior-125 Viscolizer, Cherry-Burrell Corporation, Chicago, Hl. We are 
ndebted to Mr. P. Ziezler and Mr. C. H. Preston, of the Cherry-Burrell Corporation, Boston, 
Mass., for the temporary use of this machine and for technical assistance in its operation. 

*General Dyestuff Corporation, New York, N. Y. 

tParke, Davis & Co., Detroit, Mich. 

§$Glyco Products Co., Brooklyn, N. Y. 

Overland Gelatin, S. S. Pierce Co., Boston, Mass. 
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venous use as blood substitutes,* and two pharmaceutical gelatins, Pharmagel A 
and Pharmagel B.t Two sovbean phosphatide preparations,t commercial soy- 
bean lecithin and purified sovbean phosphatides, were also used. Gum arabie 
was found unsatisfactory as a stabilizing agent and hence was not studied. 

A series of corn oil (Mazola) emulsions was prepared with each stabilizer 
in which the pH and the concentration of the stabilizer were varied. In each 
case an attempt was made to find the conditions most favorable for the action 
of the stabilizer and thereby reduce the necessary quantity to a minimum, When 
an emulsion of reasonable stability and employing a minimum of stabilizer was 
obtained, it was used in an infusion experiment. All emulsions were auto- 
elaved at 15 pounds’ pressure for twenty-five minutes before use. The composi- 
tion of seven emulsions stabiliaed with Igepon T, cetyl phosphoric acid, and the 
gelatins is given in Table I; that of five emulsions stabilized with soybean phos- 
phatides is given in Table IT. 


TABLE I. COMPOSITION OF EMULSIONS USED IN EXPERIMENTS 1 THROUGH 9 





EM ULSION NU M BER Am 5A = ‘5 E 6H OJ 7K SA Ss 





Grams Per Lite) 

Water 925 930 9295, G25 R8] 740 S90 

Corn oil 67 67 G7 67 105 POS 89 
Haliver oil 2 0.9 0.9 
Igepon T 17.8 
Cetyl phosphoric acid 2 67 2.67 

Pharmagel A 9:5 

Pharmagel B 13.5 

Gelatin (S. S. Pierce) 6.0 

Knox gelatin P6-00 9.4 
NaCl 1.89 1.89 
KC] 1.85 
Na,.HPO, 2.26 2.02 ‘ 
NaH,PO,.H,O 1.96 0.72 0.38 0.07 0.15 
Tartaric acid 0.8 

NaHCO, 4.5 

NaOH 2.0 0 0.6 

pH 7.6 6.9 7 t 8.1 8.5 7.4 
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TABLE II. COMPOSITION OF EMULSIONS USED IN EXPERIMENTS 10 THROUGH 16 





EMULSION NUMBER i Wo 2a 2s wax 











Grams Per Liter 
Water 870 870 800 S00 800 
Corn oil 100 100 150 150 
Coconut oil 150 
Commercial soybean lecithin 30 20 
Purified soybean phosphatides 36 1S 27 
Na,HPO, 4.14 2.76 8.0 4.0 6.0 
pH 7.29 7.20 7.6 7.6 7.6 





Infusion Experiments.—Normal adult dogs were used in all of the experi- 
ments, and they were maintained on a Purina dog chow ration fed ad libitum. 
In all experiments except 1 and 2 they were trained to lie down on an animal 
table, and the fat emulsion was given from a Murphy drip bottle into a leg 
vein in the usual fashion. In the first two experiments the dogs were subjected 
to continuous infusion from an apparatus similar to that described by Jacobs." 
All emulsions not prepared isotonic were rendered so at the time of infusion 
by the addition of suitable quantities of sodium chloride solution. Infusion 
Experiments 1 through 9 are summarized in Table II]; Experiments 10 through 


16, in Table IV. 


*Knox Gelatin Co., Johnstown, N. Y., and Upjohn Co., Kalamazoo, Mich. 
7Pharmagel Corporation, New York, N. Y. 
tAmerican Lecithin Company, Elmhurst, Long Island, N. Y. 
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used in Experiments 1 to 9 inelusive were highly toxic. Infusion of emulsion 8, 
which was stabilized with Igepon T, resulted in death of the animal (Experi- 


Krom the results given in Table III, it can be seen that all of the emulsions 
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DISCUSSION 


ment 1) in three days, although infused very slowly. 


all probability the result of extensive pulmonary infarction. 
and excessive salivation observed also indicated toxicity, perhaps due to the 
surface-active stabilizer. 
with TIgepon 
hand 
fatal pulmonary embolism in Experiments 4 and 6 (emulsions 6H and 63). In 
Experiment 3, emulsion 6H produced thrombophlebitis of such extent that the 
experiment had to be terminated. 


duced fatal consequences on the first day of the experiment. Emulsions 6H and 


homogenizer. 


Emulsions stabilized by cetyl phosphorie acid produced 


In Experiment 6 an infusion of 95 ¢.e. pro- 


6J were markedly hemolytie in vitro, 


ties of cetyl phosphorie acid dispersed in water do not produce such effects when 


injected intravenously. 


It is interesting that comparable quanti- 


These symptoms were noted when emulsions stabilized 
T were infused into dogs in our earlier studies employing the 


Kvidently much of the toxie effect of this substanee de- 


pends on its orientation at an oil-water interphase. 


emulsions is interesting in view of the fact that, owine to its efficieney as ¢ 
stabilizer, relatively small quantities of cetyl] phosphoric acid were used in their 


preparation, 


embolism (Experiments 2, 5, 
the pattern of symptoms. 
and defecation occur in rapid succession within fifteen minutes to one hour 
after beginning the infusion. 
May occur. 


Emulsions stabilized with the various gelatin preparations caused pulmonary 
, 9, Table ITT). 
Labored abdominal breathing, salivation, vomiting, 


TABLE III. 


If the infusion is not stopped at this stage, death 
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There was little variation in 


The gelatins are well tolerated when infused alone in a solution of 
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The high toxicity of these 
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The cause of death was in 
The vomiting 








(Overland ) 
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5 igepon T 13.8 EF 450) 26 880 Vomiting; excessive salivation; 
death 
SA Gelatin 12.3 EK 500 24.5 950 Vomiting; salivation; convulsions; 
(Overland ) pulmonary embolism; death 
OH Cetyl phosphoric 13.6 M 118 5 120 Experiment stopped—all vems 
acid thrombosed 
6H Cetyl phosphorie 16.2 9M 137 5 Pulmonary embolism; death 
acid 
SE Gelatin (Knox) 10.3 M 932 13.5 101 Coughing, abdominal respiration, 
P6-00 and defecation during all infus- 
ions—stopped experiment 
OJ Cetyl phosphorie = 12.5 M 95 4.5 65 Vomiting; defecation; urination; 
acid pulmonary embolism; death 
SA Pharmagel B F 25 15 Vomiting; defecation; and labored 
breathing—stopped experiment 
7F  Pharmagel A F 64 22 Vomiting; defecation; urination; 
salivation; labored breathing— 
stopped experiment 
5A Gelatin F 60 20 Vomiting; labored breathing— 













stopped experiment 
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the same pH and in quantities considerably in exeess of that used in the emul- 
sions. Indeed, the Knox gelatin P6-00 used in emulsion 5E is actually prepared 
as an infusion colloid. These emulsions all showed a tendency to aggregation 
into clusters of droplets when mixed with plasma in vitro; this undoubtedly 
accounts for the pulmonary disturbances following infusion. The gelatin- 
stabilized emulsions demonstrate that toxic emulsions may be prepared from 
relatively nontoxie stabilizers and oils. 

Pharmagel A and Pharmagel B are prepared from acid- and alkali-treated 
precursors, respectively, and have isoelectrie points in the pH ranges 7 to 8 
and 4.7 to 5.0.1" It follows that emulsion 7F stabilized with Pharmagel A at 
pH 8.1 must have a gelatin film about isocleetrie or perhaps shghtly negatively 
charged. The Pharmagel B stabilized emulsion (SA) must have a negatively 
charged gelatin film. Sinee plasma proteins are negatively charged at blood pH, 
there would appear to be no charge incompatibility between these emulsion films 
and the plasma proteins. Eleetrophoretie evidence indicates that the chylomicron 
emulsion particles are negatively charged. The behavior of these emulsions is 
therefore probably not associated with this factor. 

The toxicity of emulsions prepared with these stabilizers induced us to 
return to commercial soybean lecithin which had been used in our early experi- 
ments.’ It was found that sueh emulsions were much more stable when prepared 
with the high pressure homogenizer than with the hand homogenizer. Infusion 
of emulsion 10B (Experiment 10, Table IV) was much better tolerated, although 
a transient urticaria developed during the infusion on the sixth day and was 
much more marked during the infusion on the seventh day. The urticaria in- 
volved the skin of the head, causing a general swelling around the face, and also 
involved the skin of the abdomen, There was considerable hemolysis attending 
the infusion of this emulsion. Emulsion 10D contained less of the soybean 
lecithin but likewise produced an urticaria on the first day when tntused in an- 
other dog (Experiment 11, Table IV). The use of the commercial soybean 
lecithin as stabilizer was then discontinued. At this time, a purified preparation 
of sovbean phosphatides was made available to us.* This preparation consists 
of about equal parts of soybean lecithin, cephalin, and lipositol. It is relatively 
free of soybean oil and free fatty acids. It is a straw-colored stable powder 
which is readily soluble in water and is a fairly efficient stabilizer above pH. 7.2. 

Emulsions 11H, 11J, and 11M were prepared, using these purified phos- 
phatides as stabilizer and used in Experiments 12 to 16 inelusive. These emul- 
sions were much better tolerated than any used previously and were therefore 
infused for longer periods of time. The dogs used in these experiments were 
sacrificed with nembutal on the day following the last fat infusion. Terminal 
findines for these does are given in Table V. 

Experiment 12 was of the longest duration (forty-eight infusions) and 
throughout the experiment a total of 1.385 ke. of corn oil was infused into the 
dog. A progressive loss of weight and slight anemia attested to the mild toxicity 
of this emulsion (11H). However, the animal seemed normal in other respects. 
Liver function as judged by bromsulfalein elimination, plasma phosphatase, 
plasma cholesterol components, and plasma protein concentration appeared to be 
normal (Table V). The methods emploved in measuring liver function have 
been deseribed elsewhere.'!® It is to be noted that the bromsulfalein climination 
in this animal is not as efficient as that of the control puppies in the choline 
deficiency studies,'® but in all of the dogs of this series it was far superior 


*We are indebted to Dr. Albert Scharf, of the American Lecithin Co., Elmhurst, Long 
Island, N. Y., for this and other soybean phosphatide preparations. 
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TABLE IV. SuMMARY OF INFUSION EXPERIMENTS 10 THROUGH 16 











1 


to that of the choline-deficient puppies. 
gross abnormalities with the exception of numerous old renal infarcts. 


Post-mortem examination sh« 


scopically, stainable fat was present in phagoeytes in the lungs and 
parenchymal and Kupffer cells. In these organs and in the kidneys a 


reaction to this stored foreign lipid had evidently occurred, giving 


scattered, discrete, occasionally partially necrotic granwiomatous lesions. 
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sovbean developed 
lecithin by sixth 
day; OcCca- 
sional shiv- 
ering, 
rapid 
breathing 
10D Commercial | l 58 2S a0 20:7 Immediate 
soybean urticaria 
lecithin 
11H Purified KF JO 4S 13.6 130 78:5. 17.0 7.0) 25 9.9 Loss of 
sovbean weight; 
phospha- mild 
tides anemia 
11H Purified M 29 27 200 16.0 141 17.7 16.55 48.0 34.0 14.6 10.5 Loss of 
sovbean weiglit ; 
phospha- mild 
tides anemia 
\i q () 16.55 18.1 10 42.0 10. 13.3 Normal aft- 
er rest 
period 
11. Puritied I 29 28 167 16.5 195 135 13.85 325 29:8 12.1 10:5 None 
sovbeun 
phospha- 
tides 
11M Purified I" ma) 28 196 16.2 147 15.95. 16:75: 37.9 oy an 12.3 None 
sovbean 
phospha- 
tides 
11M Purified M 30 29 202 15.6 163 1a 19:2 0.5 Gi If. 13 None 
sovbean 
phospha- 
tides 
TABLE V. TERMINAL FINDINGS IN DOGS OF EXPERIMENTS 12 TO 16 INCLUSIVI 
EXPERIMENT 
12 Ie 14 to 16 
Bromsulfalein test (ag dye per e.c, plasma a: ws Li 7 
in S minutes) 
Plasma phosphatase (wg phosphorus liberated P05 109 148 15 57 
per ce. plasma in 24 hr.) 
Plasma ‘*total’’ cholesterol (mg. per cent) ro ras 256 200 200 
Plasma esterified cholesterol (mg. per cent) 114 128 a7 138 108 
Plasma Proteins (Gm. per cent) 5.3 17 5.2 5.35 
Total liver lipids (per cent dry weight ) 18.9 12.8 14.7 18.8 15.6 
Total lung lipids (per cent dry weight) es i9.0 16.9 16.8 
Total kidney lipids (per cent dry weight) 16.2 19.5 16.8 
Total spleen lipids (per cent dry weight ) 16.5 a 18.0 9.2 
Total pancreas lipids (per cent dry weight) 9.0) 24.7 22.5 
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consisted of central lipid-laden macrophages and occasional giant cells with sur- 
rounding collars of lymphocytes. In addition there was evidence of moderate 
but widespread deposition of blood pigment in reticulo-endothelial phagocytes. 

The visceral organs showed normal lipid contents as measured by chloro- 
form extraction. Infused fat does not, therefore, accumulate in these organs. 
We have found that it is not excreted in the urine. The fate of the mass of 
corn oil infused in emulsion form is a question of considerable importance. It 
appears doubtful that any quantity would be exereted by way of the gastroin- 
testinal tract. The conclusion seems inescapable that (1) it is deposited in the 
fat depots and/or (2) it is burned for energy. Careful gross observation made 
it doubtful that the dog in Experiment 12 had 1.35 ke. of total body fat. It 
seems likely, therefore, that the infused fat was utilized for energy. This con- 
clusion is in harmony with those reached from respiratory quoticnt studies 
following infusion of fat emulsions into dogs,'* depanereatized dogs and rabbits,’” 
and human infants.'® It is not in agreement with the conelusions of Dunham 
and Brunsechwig* who failed to observe (1) consistent changes in the character 
of depot fat toward that of the infused fat, and (2) reduction of nitrogen 
excretion on low calorie intakes during fat infusion periods. The first criterion 
of utilization is a precarious one; the second would not be expected to be valid 
during active hemolysis as was the case in their dogs. To us the conclusions of 
these investigators seem unwarranted. For the present, however, evidence 
for utilization of infused fat is not unequivocal. Further studies on this ques- 
tion are now in progress. 





Fig. 1.—Photomicrograph of lung section (Dog of Experiment 16) showing noncaseating gran- 
ulomatous lesion. Note the giant cell (hematoxylin and eosin 100). 


In Experiment 13, emulsion 11H produced a slight but significant loss in 
weight and a reduction in hemoglobin and hematocrit over a shorter period of 
time. This dog was not sacrificed until thirty-nine days after the infusions were 
stopped (Experiment 13a, Table IV). During this interim, its weight and 
blood picture returned to normal. Post-mortem studies revealed lesions similar 
to, but not as extensive as, those seen in the previous experiment. It is to be 
noted, however, that this dog received far fewer infusions than did the animal of 
Experiment 12. 
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In an attempt to reduce the toxicity of emulsion 11H, two other emulsions 
were prepared. Emulsion 11J (Table IL) contained only half as mueh stabilizer 
as emulsion 11H and was used in Experiment 14 (Table IV). This animal 
showed a slight gain in weight after twenty-eight infusions and appeared to be 
tolerating the infusions better than the dogs receiving emulsion 1111. Terminal 
liver function and other findings were normal (Table V). It is apparent that 
part of the untoward effects are due to an exeess of the phosphatides. The 
effects of the oil are not to be overlooked. Koehne and Mendel'’ found marked 
differences in the utilization of different oils given parenterally. Coconut oil 
was found to be superior to cod-liver oil, butter, and peanut oil in this respect. 
Accordingly, another emulsion, 11M, was prepared which contained eoconut oil* 
instead of corn oil (Table Il). This emulsion was used in Experiments 15 and 
16. Both of the animals in these experiments tolerated the emulsion very well 
and appeared normal after twenty-eight and twenty-nine daily infusions. Par- 
ticularly interesting was Experiment 16 in whieh an mndernourished doe was 
brought back to normal during the infusion period. Its net gain was 3.45 ke., 
representing a gain of 21.9 per cent of the original body weight. The terminal 
liver function and the lipid contents of visceral organs of both dogs receiving 
emulsion 11M were normal (Table V). However, in the lunes of all of these 
animals phagocytosis of fat and a noneaseating cellular response to the foreign 
lipid were evident (Fig. 1). 


COMMENT 


These experiments clearly demonstrate that the stabilizer is a prime factor 
in determining the tolerance of an animal to an emulsion. All of the emulsions 
used in Experiments 1 to 14 inclusive were emulsions of corn oil with comparable 
particle size and pH. The differences in tolerance must have resulted from 
differences in the stabilizers emploved. Of the series of stabilizers we have 
used, only the soybean phosphatides stand out as suitable for this purpose. 
If an oil-in-water emulsion is to be used as a carrier for fat-soluble vitamins, 
or drugs, or to absorb toxins or for any other purpose where relatively small 
amounts are needed, a number of other stabilizers may be satisfactory. However, 
for the purpose of introducing enough fat to meet requirements for parenteral 
nutrition, a toxicity restriction is imposed on many stabilizers and their emul- 
sions. The literature on this subject gives but few accounts of fatal outcome 
following the infusion of emulsions. Perhaps the chief reason is that very small 
quantities have been used in most of the experiments. Dunham and Brun- 
schwig® state that nine of twenty-four dogs used in their studies died because 
of the infusions. Their emulsions were stabilized with egg phosphatides and 
‘“Demal.’’ MeKibbin and co-workers! reported fatal outcomes in preliminary ex- 
periments on complete parenteral nutrition, but this cannot be attributed simply 
to the soybean phosphatides or their emulsions since other factors may have 
operated in experiments of this kind. As far as we are aware, no other investi- 
gators have reported fatal terminations of fat emulsion infusion experiments. 
Whether or not egg lecithin or egg phosphatide preparations may be toxic under 
certain conditions is an important point raised by the studies of Dunham and 
Brunschwig. One might expect egg and soybean phosphatides to have much in 
common, although there are rather marked differences in their composition. 
The egg phosphatides contain lecithin (2 molecules of beta to 1 of alpha), 
cephalin, and usually considerable cholesterol. The soybean phosphatides con- 
sist of lecithin (2 molecules of alpha to 1 of beta), cephalin, and lipositol. What 


*Refined coconut oil, E. F. Drew & Co., Inc., Boonton, N. J. 
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differences, if any, are inherent in the lecithins other than their alpha to beta 
ratios, in the cephalins, in contaminating impurities, and in the general physio- 
logic properties of their mixture are obscure. It is of interest that we have had 
no fatalities in a total of eleven dogs receiving emulsions stabilized with the 
sovbean phosphatides. However, smaller amounts of soybean phosphatides were 
used in our emulsions than the egg phosphatides used by Dunham and Brun- 
schwig in their emulsions. As to relative efficiency as a stabilizer, little can be 
said at present. Emulsions 11H, 11.J, and 11M all show small but visible droplets 
of oil at the surface after autoclaving. The small droplets tend to float on the 
liquid surface in the infusion bottle and gather in the last few cubie centimeters 
of emulsion where they may be disearded. Hence the larger droplets are not 
infused. The emulsions are probably not stable indefinitely. In all of our 
experiments we have used emulsions made up every two weeks. Under these 
eonditions, we have observed no outward signs or symptoms of fat embolism. 
It is possible that the emulsions could be used after much longer times. More 
work needs to be done before the relative usefulness of the egg and soybean 
phosphatides in this capacity can be determined. From the standpoint of avail- 
ability, general stability, and ease in handling, the advantage thus far seems to 
lie in the direction of the sovbean phosphatides 

Coconut oil appears to be superior to corn oil as an infusion fat. It is rela- 
tively nonirritating and when its emulsion is infused subcutaneously (when the 
needle works out of the vein, as happens occasionally), there is no local tissue 
reaction as is the ease with the corn oil emulsions. This is similar to the findings 
of Koehne and Mendel.'* With corn oil this reaction may produce swelling and 
soreness of the entire area, rendering the leg useless for further infusion for a 
week or more. One instance of peripheral neuritis appeared to result from such 
an aecident. This constitutes a practical advantage in the use of coconut oil. 
A number of properties of coconut oil may be desirable for parenteral nutrition 
mixtures and may make it superior to many other common oils. It is almost 
entirely saturated, having an iodine number of 6 to 10, and would thus be much 
less susceptible to oxidative rancidity than other oils. It has a greater propor- 
tion of low molecular weight fatty acids (very high saponification number ) 
and soluble fatty acids (relatively low Hehner number). These factors would 
be expected to increase the rate of utilization of infused fat. Experimental 
studies designed to evaluate the various oils or fats as to their relative suitability 
for this purpose are needed. 

The histologic examinations reported in these studies show that even the best 
emulsions (11. and 11M) were not entirely inert over the time they were in- 
fused. The available evidence suggests that the foreign lipid is phagoeytized by 
macrophages chiefly in the lungs and then gives rise to a cellular reaction result- 
ing in the formation of noncaseating submiliary granulomatous lesions not un- 
like tubercles. The sequence of the changes producing these lesions and their 
subsequent fate cannot be determined with the material at present available 
for study. Lesions of this kind have not been reported by other investigators 
following infusion of fat emulsions. 

The total energy content of all of the emulsions stabilized with the purified 
soybean phosphatides (11H, 11J, and 11M) was approximately 1,850 calories 
per liter on the basis of the fat alone. The energy furnished by the phosphatides 
themselves, if anv, would augment this figure. On the basis of 1,350 calories 


per liter, it would be possible to give an ‘‘average fat intake’’ to a man weighing 
70 ke. (750 ealories or 25 per cent ef the total caloric intake) with an infusion 
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volume of 555 ¢.e. It would be possible to increase the fat concentration of the 
emulsions should this be desirable. 


SUMMARY 


Corn oil emulsions of fine particle size have been prepared with a number of 
different stabilizers. These have included Igepon T, cetyl phosphorie acid, edible 
gelatin, pharmaceutical gelatins, infusion gelatins, commercial soybean phos- 
phatides, and purified soybean phosphatides. Emulsions prepared with all these 
stabilizers except the last two produced severe or fatal reactions when infused 
into dogs in amounts sufficient to equal the usual calorie intake of fat or less. 
Emulsions stabilized with the commercial soybean phosphatides produced hemol- 
ysis and urticaria, whereas those stabilized with the purified soybean phos- 
phatides produced only minor changes and these after relatively long periods of 
daily infusions. Refined coconut oil emulsions stabilized with the purified sov- 
bean phosphatides have so far been the more successful in infusion studies. 


We are indebted to Dr. Sidney Farber and Dr. Frank Dutra for assistance with the 
pathologic studies and to Mrs. E.G. Patterson for technical assistance. 
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TIMING OF PHAGOCYTIC CHANGES IN) MALNUTRITION 


ESTHER CorTrrinGuaM, M.S., AND CLARENCE A. Minus, M.D., PH.D. 
CINCINNATI, OHIO 


N OUR previous reports’? on phagocytic changes in the malnutrition of 
| vitamin or protein deficiency, we stated that the animals were kept on the 
deficient diets from four to seven weeks before being tested for phagocytic 
efficiency. Preliminary observations had indicated four weeks as the minimal 
time for full effects of the malnutrition to develop. We wish now to report 
a more detailed study of the time relationships involved. 

Weanling white rats (Sprague-Dawley males) were placed in’ tropical 
warmth (90 to 91° F. and 60 to 70 per cent relative humidity) and kept on 
synthetie diets for eight months before being used for the study. The rats in 
one group received the optimal diet for tropieal warmth deseribed previously,! 
while those in the other group received a diet moderately deficient in protein 
and all the B vitamins (Table 1). 

While this low vitamin rat diet would appear to be only mildly deficient, 
it was about as low as would be tolerated by eight-month-old rats. Further 
reduction of thiamine from 1.2 me. per kilogram down to 1.0 mg. per kilogram 
resulted in typieal severe deficiency svmptoms and death within four to five 
weeks. Rats of this age, kept since weanlings in the heat on the optimal hot 
room diet, also develop fatal thiamine deficieney in about the same time if the 
dietary thiamine is reduced to 1.0 me. per kilogram. 

Using the technique previously described, we measured the phagocytic 
activity of the blood polymorphonuelear neutrophiles and then placed the rats 
with deficiencies on the optimal diet while changing some of the normal rats to 
the deficient diet. Estimates of phagoevtie activity and weight change were 
made weekly thereafter for each group. Four rats in each group were bled 
from the heart and disearded from the study at the end of each week so that 
the study would not be complicated by any possible effect on phagocytosis from 
repeated bleedings. 

In Table II is set forth the changes in phagocytie activity and body 
weight which took place from week to week. Even though the dietary shifts 
in each case were promptly reflected in body weight changes within the first 
week, no corresponding alterations were found in activity of the blood phago- 
eytes. By the end of the second week a moderate change was observed in 
phagoeytie function; this beeame more marked during the third week and 
was complete by the end of the fourth week (Fig. 1). After four weeks, the 
rats that formerly had deficiencies exhibited normal phagocytic activity, while 
those previously normal were now at the low level of full deficiency. 

With bacterial counts made in 40 phagoevtes from each rat (making 160 
cells for each mean value recorded in the table), differences in one day’s 
readings greater than 1.5 become statistically significant. Naturally the read- 
ings of one week can be compared with those of another week only by reference 
to each week’s normal values obtained on the control rats. The bacterial 
suspension used in the third week’s tests was slightly too dilute, while that of 
the fourth week was distinctly heavy. This necessitated the caleulation of 
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TABLE [| 


AMOUNTS OF B VITAMINS AND CASEIN PER KILOGRAM OF DIET 








OPTIMAL DIET FOR TROPICAL WARMTH DEFICIENT DIET 
Thiamine hydrochloride 2.0 mg. 1.2 mg. 
Riboflavin 4.0 meg. 15 me. 
Pyridoxine 4.0 mg. 1.5 mg. 
Caleitum pantothenate 6.0 mg. 1.5 meg. 
Nicotinie acid 25.0 mg. 10.0 me. 
Choline chloride 5.0 Gm. 1.0 Gm. 
Inositol 1.0 Gm. 0.4 Gm. 
P-aminobenzoie acid 0.5 Gm. 0.1 Gm. 


Casein, vitamin-free 


180.0 Gm. 120.0 Gm. 


TABLE ITI 


WEEKLY CHANGES IN PHAGOCYTIC ACTIVITY 


RATS CHANGED FROM FULL | RATS CHANGED FROM 


CONTROL RATS | 
ON FULL DIET | TIME ON. | TO DEFICIENT DIET DEFICIENT TO FULL DIET 
(MEAN NUMBER | NEW DIET | MEAN NUMBER ; a MEAN NUMBER | — 
: Sanchar ne ae | . eas PER CENT ois | PER CENT 
OF BACTERIA (WEEKS) | OF BACTERIA H OF BACTERIA ss 
= | ’ ex OF NORMAL ‘ s OF NORMAL 
PER CELL) | PER CELL | PER CELL 
6.12 + 0.36 I 6.59 +033 10S — 265+018 £4. 
6:27 = Bor 2 5.04 + 0.27 82 A Ost 66 
5.37 + 0.33 3 Zo1.e 0:20 17 5.51 £-0:28 103 
(ot 2 O34 4 2.04 + 6.19 38 8.31 + 0.29 110 
Weight changes 10 Gm. 0 tt SE = 
first week 
16 Gm. 4+ weeks 6S Gm. + 61 Gm. 
340 Gm. Initial average 346 Gm. 169 Gm. 


weight 


comparative changes on a percentage basis, using the normal controls as 100 
per cent in every case. Differences of + 10 per cent are of no definite sig- 
nificance here. 

One review journal has recently® criticised our use of only 40 cells per 
rat (four rats to each group) as the basis for calculating mean ingestion rates, 
referring to the custom of counting ingestion in from 200 to 500 cells in human 
phagoeyvtie studies. To test the stability of our ingestion values, we selected 
two representative groups from our previous report,’ Groups 1 and 3 of the 
riboflavin series in the cold room. In addition to the mean values caleulated 
on counts from 160 cells per group (40 per rat), we recaleulated the data on 
the basis of ineluding only the first 20, 10, 5, and 2 phagocytes seen on each 
slide. In Table IIT is set forth the results of this reealeulation, and it is 
clearly indicated that the observed differences in mean ingestion counts main- 
tain their statistical significance when as few as only the first 10 cells per rat 
are included in the caleulation. It may thus safely be accepted as true that 
counts made on 40 phagoeytes per animal, with four animals to each group, 


TABLE IIT 


NUMBER SIZE OF 


OF CELLS GROUP 1 GROUP 5 DIFFER- 
COUNTED ENCE IN 
= =p = —_— <a —— GROUP -—axro 
| ‘ uae) | Piss | DIFFERENCE | . 
: NUMBER STANDARD | NUMBER STANDARD | c Se | NEEDED 
PER | PER ieee as | sents IN MEANS | gaz 
ar Icroup| BACTERIA DEVIATION BACTERIA DEVIATION — | | FOR SIG- 
‘ iGR “i | 2 | gia aeeatnta ‘ 
| | INGESTED | OF MEAN INGESTED | OF MEAN | NIFICANCE 
PER CELL | | PER CELL | (P.E. x 4) 
(0 160 5.76 +027 5.12 +019 9.37 +028 528 +020 3.61 + 0.39 1.56 
() 80 5.235 + 0.38 5.03 + 0.27 8.88 + 0.37 4.97 + 0.26 3.65 + 0.53 2.12, 
iQ 40 4.55 + 0.52 £92 + 037. 8.10 + 0.51 4:74 £ 0,36 Sido0t. OFS 2.92 
5 20 «6.20 + 0.86 572 = 0:61. 790°=-085 5.63 + 0.60 Leet 4.84 
2 8 6.25 + 1.46 6.12 = 1.003 6.75 = laa 4.79 + 0.81 0:50 = 1.85 7.40 
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allow an ample margin of stability. In human ease studies, 100-cell counts 
would provide sufficient stability if the technical details of the method were 


earetully standardized. 


PHAGOCYTOSIS IN RAT MALNUTRITION AND RECOVERY 
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DAYS OF TREATMENT 


Fiz. 2 


PHAGOCYTOSIS IN HUMAN MALNUTRITION 


We wish also to report preliminary phagocytic studies in a few selected 
eases of human malnutrition. Several aged patients suffering from bacillary 
dysentery of variable duration were admitted to the Cincinnati General 
Hospital from a low-cost private nursing home. All were severely emaciated. 
The essential features of these cases are presented in Table IV, along with 
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TABLE IV 


HUMAN CASES OF MALNUTRITION STUDIED 


HOSPITAL - AGE THERAPY | 


CASE SEX COLOR . DIAGNOSIS DIET 
NUMBER (YR. ) ‘ VITAMINS 
ee 162292 F W 63 Nicotinic acid deficiency; Regular Nicotinamide 
arteriosclerosis 
2 185743 M W 36 Acute pellagra; chronic Regular Nicotinamide, 
alcoholism; peripheral thiamine, yeast 
neuritis 
3 176787 M C 40 Miliary tuberculosis; re- Various Nicotinamide, 
section of jejunum thiamine, = as- 
(died ) eorbie acid, 
CLO 
1 175791 F W 86 Acute enterocolitis, para- High protein Thiamine, ribo- 
typhoid B; avitamino- High caloric, flavin, nicotin- 
sis; senility soft amide, ascorb- 
ic acid 
5 169544 EF W SO Acute bacillary dysentery High protein None 
High calorie, 
soft 
6 166581 M W 73 Acute bacillary dysen- High protein None 
tery; senility High caloric, 
soft 
7 45506 M W 76 Acute bacillary dysen- High protein Thiamine, nico- 
tery; B vitamin de- High calorie, tinamide, —as- 
ficiency (died) soft ecorbie acid 
8 182754 M W 74 Acute bacillary dysen- High protein Thiamine, nico- 
tery; vitamin B de- High caloric, tinamide, ribo- 
ficiency soft flavin, ascorb- 
ie acid 
9 186064. M W 68 <Acute bacillary  dysen- High protein Thiamine, nico- 
tery; malnutrition High caloric, tinamide, ribo- 
soft flavin, ascorb- 
ic acid 
10 160549 M Ww 33 Beriberi heart disease Regular Thiamine, yeast, 


nicatinamide 





those of three ward cases of vitamin deficiency and one emaciated patient in 


whom jejunal resection had been performed (miliary tubereulosis found at 


~ 


autopsy). <All the patients with dysentery received succinyl sulfathiazole in 
adequate dosage, in addition to the special diet. 

Phagocytic activity in the blood of these patients was estimated by com- 
parison with two healthy normals as controls, and these normal individuals were 
at different times checked against healthy rats kept on an adequate synthetic 
diet to assure constancy. 

The average rate of phagoevte recovery in this series of patients with 
malnutrition was slow during the first two weeks in the hospital, while from 
the third week onward it was more rapid and remarkably regular (heavy line 
in Fig 2). It is impossible to say how much of this recovery in the patients 
with dysentery was due to the succinyl sulfathiazole, how much to the rich 
diet, and how much to the vitamin therapy. The two patients receiving no 
vitamin supplementation made about average recovery in phagoeytie funetion. 
In the first three patients with relatively uneomplicated vitamin deficiencies, 
good recovery of phagoeytie function followed specifie vitamin therapy as the 
only treatment administered. It is perhaps significant that the two patients 
who died showed very low phagocytic function at all times. 


DISCUSSION 


The general recovery rate in the human patients was somewhat slower 
than in the rats on synthetie diets, perhaps partly because the rats were other- 
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wise healthy, while other abnormalities retarded recovery in the human patients. 
One significant point of the study is the demonstration that malnutrition, 
from whatever cause, can produce a very marked lowering in phagocytic fune- 
tion. A second point of importance is the finding that phagoeytic recovery 
follows restoration of nutritional adequacy in both rats and men, but with 
a lag of from one to two weeks. 

Presence of this definite lag in phagocytic recovery might possibly be 
interpreted as meaning that improved phagocytic function comes only with 
release from the bone marrow of new phagocytes produced under the improved 
nutritional conditions prevailing. In similar manner, the lag in the deeline 
of phagocytic activity with dietary inadequacy may mean that only new cells 
being produced under the deficient marrow conditions will show faulty fune- 
tion. Mature phagocytes already in the cireulating blood seem to be less 
affected by the change in nutritional status of the individual. 


CONCLUSIONS 

Rats changed from an adequate to a deficient diet show marked weight loss 
during even the first week, but reduction in activity of the blood phagocytes 
becomes evident only during the second week and is completed by the end of 
the fourth week. Those changed from a deficient to an adequate diet show a 
similar timing in the recovery of phagoeytie activity. 

In human malnutrition phagocytie function is low. Dietary correction 
and vitamin supplementation result in phagocytic improvement which (on the 
average) follows a straight line rise from the third week onward, reaching 
normal levels in about five weeks. 
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THE ADMINISTRATION OF PENICILLIN BY CONTINUOUS 
INTRAMUSCULAR DRIP 


Rautpu O. Smiru, M.D., aNnp Cart G. Harrorp, M.D. 
Str. Louris, Mo. 


HEN penicillin is injected parenterally, it is rapidly removed from the 

blood, so that concentrations remaining in the serum at the end of two 
hours are extremely small.1:? Because the drug is so rapidly eliminated from 
the body, it has been found necessary to inject penicillin intravenously or intra 
muscularly at frequent intervals. The method of administration most widely 
used at the present time involves single intramuscular injections every thre 
or four hours, day and night. The general type of blood curve attained by this 
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method is shown in Fig. 1. It will be noted that the amount of drug present 
in the blood serum is barely detectable during the third and fourth hours atter 
each injection.*:* Although intermittent intramuscular penicillin therapy is 
effective in the treatment of many severe bacterial infections,’* the question may 
be raised as to whether intermittent peaks of penicillin concentration depress 
bacterial growth as effectively as does a continuous concentration of the drug. 
The relative sensitivity of different bacteria to penicillin varies appreciably 
and may be measured in vitro.’ It is doubtful whether favorable results ean 
be expected in the treatment of ¢linieal infections unless the amount of penicil- 
lin in the infected tissues is greater than the minimal concentration shown to 
exert an antibacterial effeet in culture media.'’ If this premise be accepted, it 
would seem to follow that the most efficient method of administering penicillin 
is that which maintains continuously in the blood and tissues a concentration 
of drug greater than that needed to exert a bacteriostatic effect upon the offend- 
ing organisms. It is logical to assume that the growth of the bacteria will es- 
cape from the action of the penicillin whenever the concentration of the drug 
falls below the minimal bacteriostatic level. 
2.0. 
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Fig. 1.—Blood level curve obtained by intermittent intramuscular injection of 20,000 units of 
penicillin given every three hours. Heavy lines, 0—0, represent actual observations. 





Various methods have been advoeated for maintaining more constant con- 
centrations of penicillin in the blood. Some investigators have attempted to 
delay the absorption from the site of injection,'’'* whereas others have admin- 
istered substances which interfere with the exeretion of the drug by the kid- 
neys.'* 1° The most promising method at the present time would appear to be 
that based upon the use of penicillin injected in a mixture of beeswax and pea- 
nut oil.!? 

With continuous drip therapy, absorption is slowed by the clamp on the 
tubing so that levels of penicillin in the blood show only small variations. Con- 
tinuous intravenous drip'®'? has been employed but involves technical diffi- 
culties, particularly when the drug must be administered for more than a few 
days. Continuous subeutaneous drip has been found to be relatively unsatis- 
‘actory in that it yields significantly lower blood levels than does continuous 
intravenous administration.2? Since preliminary reports suggest that con- 
‘inuous intramuscular therapy* offers certain advantages over both of 
‘he methods just mentioned, it has seemed desirable to subject it to further 
clinieal trial. The purpose of the present study has been twofold: first, to de- 
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termine quantitatively the blood levels attained by various dosages of penicillin 
administered by continuous intramuscular drip; and second, to evaluate the 
practicality of the method in the treatment of human infections. 


METHODS 

Administration of Penicillin—The twenty-four-hour dose of peniecillin* 
was dissolved in 300 ¢.c. of normal salt solution and administered by a standard 
intravenous apparatus.t Instead of the usual glass needle adapters, short metal 
ones were used. Tunnel clampst§ were employed to adjust the flow of solution 
to 4 to 6 drops per minute. A No. 20 standard gauge 1'4-inch needle was in- 
serted deep into the vastus lateralis muscle after preparation of the thigh with 
iodine and alcohol, Sterile gauze dressings were placed about the needle which 
was then firmly taped in place. The needle was usually left in place for two 
or three days before being changed to the opposite side. In one instance the 
needle was left in place for five days without any apparent deleterious effect. 
Little change occurred in the speed of flow when the clamps were once set, and 
it was not found necessary to watch the drip at frequent intervals. 

Dosage of Penicillin.—All but one of the patients studied were given, on 
succeeding days, twenty-four-hour doses of 100,000, 160,000, 240,000, 400,000, 
and 800,000 units of penicillin. These dosage schedules corresponded to inter- 
mittent injections of 12,000, 20,000, 30,000, 50,000, and 100,000 units given 
every three hours. One patient, acutely ill with subacute bacterial endocarditis, 
was given penicillin continuously at the rate of 100,000 units every hour for a 
period of twelve hours. 

Selection of Patients ——All but the one patient with bacterial endocarditis 
had early syphilis and were selected because they were relatively voung and 
were free from significant cardiae and renal disease. 

Estimation of Blood Levels—Kach test was set up as indicated in Table I. 
Blood serum was obtained by aseptie technique, and twofold dilutions were 
prepared by adding M/50 phosphate buffer.|| A single dilution in the series 
was selected according to the estimated penicillin level in the serum, and vary- 
ing amounts of this dilution, as indicated in Table I, were placed in test tubes 
measuring 1 by 10 em. Diluent was added to each tube to bring the volume 
to 2 e.e., 

A fresh culture of a standard strain of Staphylococcus aureus (209) was 
obtained by seeding 30 ¢.c. of single strength broth?’ from stock cultures and 
TABLE I. METHOD OF TITRATING PENICILLIN CONCENTRATIONS IN UNKNOWN SAMPLE OF SERUM 


(VOLUMES EXPRESSED IN CUBIC CENTIMETERS ) 

















TUBE BUFFER INOCULUM UNKNOWN 
l 0 2.0 
2 0.4 2.0 1.6 
3 0.6 2.0 1.4 
4 0.8 2.0 iz 
5 1.0 2.0 1.0 
6 1.2 2.0 O.S 
7 1.4 2.0 0.6 
& 1.6 2.0 0.4 
*The penicillin was provided by the Office of Scientific Research and Development from 


supplies assigned by the Committee on Medical Research for clinical investigation recommended 
by the Committee on Chemotherapeutics and Other Agents of the National Research Council. 
+Manufactured by The Upjohn Co., Kalamazoo, Mich. 
tSuggested by Dr. Chester S. Keefer. 
§Manufactured by The Harvard Apparatus Co., Dover, Mass. 
||A fresh pipette was used for the preparation of each dilution. 
{This strain was obtained through the kindness of Dr. J. V. Cooke. 
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incubating twelve hours, at 37° CC. One cubie centimeter of this culture was 
added to 100 e.c. of double streneth broth?* and 2 ¢.c. of the mixture were added 
to each tube in the series. Aseptic precautions were observed throughout. 

A single sample of commercial penicillin*® containing 295 Oxford units per 
milligram was used as a standard. Dilutions of this sample were sealed in 
ampules and stored at —70° C. Repeated tests with the standard strain of 
Staphylococcus aureus (209) revealed that an amount of 0.02 units constantly 
inhibited growth. In each group of tests a control series of tubes was included, 
using the standard. 

All tubes were shaken well and ineubated at 37° C. for eighteen hours. 
Readings were made by shaking the tubes, holding them up to a strong light, 
and determining by inspection the last tube showing diminished turbidity (that 
is, bacteriostasis). In practically all instances the end point was clear as evi- 
denced by independent readings made by several observers. 

The quantity of serum in the tubes was found to have no demonstrable ef- 
fect upon the end point of the test.24 When normal human serum was sub- 
stituted for the phosphate buffer, the end point was unchanged, aithough the 
bacterial growth in the tube was somewhat more luxuriant. 

Since the smallest amount of serum producing inhibition of growth was 
known to contain 0.02 units of penicillin, the concentration of drug per cubic 
centimeter of serum was easily calculated. 

RESULTS 

Practical Advantages of Methods.—The majority of patients studied pre- 
ferred the continuous intramuscular infusion to intermittent intramuscular in- 
jections given every three hours, day and night. Sleep was not interfered with, 
and once the needle had been taped in place, the patient was able to move about 
without undue discomfort. The rate of flow was not disturbed by movement of 
the leg, and the infusion apparatus needed only a minimal amount of attention 
from the nursing and resident staff. In most cases the patient was asked to 
watch the drip bulb occasionally and report any significant change to the nurse. 

Serum Concentrations of Penicillin.—The blood levels of penicillin obtained 
in four patients given continuous intramuscular therapy of varying doses are 
shown in Fig. 2. Although some variation occurred, the blood levels attained 
were relatively constant throughout the twenty-four hours. The higher doses 
were associated with higher blood levels, and very little overlapping of the curves 
was observed. There was some individual variation in that all the levels of E. J. 
were somewhat lower than those observed in other patients. In Fig. 3 the 
number of units of penicillin administered in twenty-four hours is plotted 
against the average drug level attained in the blood. It will be seen that the 
levels are essentially proportional to the dosage, the relationship between the two 
variables being approximately linear. One patient was given penicillin con- 
tinuously at the rate of 100,000 units every hour for a period of twelve hours— 
the equivalent of 2,400,000 units per twenty-four hours. The levels maintained 
in this patient’s blood are shown in Fig. 4 and have been plotted separately 
because the magnitude of the values necessitates a different scale. Even at this 
extremely high dosage it was found that the linear relationship between dose 
and blood level still obtained. 

Complications.—The reactions encountered in the sixteen patients are shown 
in Table II. Ten patients developed relatively severe local inflammatory re- 


*lederle Laboratories, Inc., Pearl River, N. Y. 
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TABLE IL. INCIDENCE OF REACTIONS TO CONTINUOUS INTRAMUSCULAR INJECTION 
OF PENICILLIN 


Number of patients 16 
Local inflammatory reaction 10 
Fever 7 
Leucocytosis D 
Phlebothrombosis l 
Subcutaneous emphysema l 


No complication 5 


actions at the site of injection. In all but one case the reaction developed on 
the fifth to seventh day of treatment (ig. 5) and consisted of severe local pain, 
redness, and local heat about the site of injection, usually involving the whole 
lateral aspect of the thigh. The Opposite thigh never showed any swelline’ at 
the site of previous injection. The inflammatory process invariably subsided 
rapidly (usually within twenty-four hours) when the needle was removed. No 
evidence of bacterial invasion of the thigh was encountered, and no local therapy 
was required. 
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Fig. 4.—Serum levels of penicillin during continuous intramuscular administration of 2.400.000 
units in twenty-four hours. 
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Fig. 5.—Occurrence of local inflammatory reaction, fever, and leucocytosis during continuous 
intramuscular administration of penicillin at the rate of 240,000 units per twenty-four hours. 

The second most common reaction, which occurred in seven patients, was 
fever, The elevation in temperature was usually first noted on the sixth or 
seventh day (Fig. 5). When the continuous therapy was stopped, the fever 
subsided within twenty-four hours. All patients who developed fever showed 
evidence of a local inflammatory reaction, although the reverse was not true. 
The fever was frequently accompanied by leucocytosis of from 15,000 to 18,000 
cells per cubie millimeter without significant shift in the differential count. In 
one ease the fever and loeal reaction began on the second day, the fever ranging 
from 39 to 39.8° C, 
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A single patient developed phlebothrombosis of the femoral vein, probably 
as a result of inflammation of tissues above the vein. The needle in this case had 
been inserted into the anterior aspect of the thigh. One patient developed mild 
intramuscular and subcutaneous emphysema when the drip was allowed to run 
out, but this reaction subsided promptly. 


CONCLUSIONS AND DISCUSSION 

The results of the present investigation would appear to warrant two con- 
clusions: first, that the continuous intramuscular administration of penicillin 
affords a practical method of maintaining relatively high concentrations of 
penicillin in the blood; and second, that with the penicillin preparations now 
available, the incidence of local reactions at the site of injection is too great to 
warrant routine use of the method at the present time. The blood levels at- 
tained by the continuous intramuscular drip are approximately the same as 
those reported with the continuous intravenous method.?? This fact would seem 
to indicate that no significant amount of penicillin is destroved at the intra- 
muscular site of injection. It is of interest that the same linear relationship 
between dosage and blood level apparently obtains with both the intravenous 
and intramuscular routes. Blood levels as high as 2 or 3 units per cubie centi- 
meter may be continuously maintained by the intramuscular method. It is sug- 
gested, therefore, that the method may be employed advantageously in the 
treatment of infections with relatively resistant bacteria.*° 

More than one-half of the patients treated in the present study developed 
local reactions at the site of the continuous intramuscular injections. Such local 
reactions have been deseribed by previous observers.'**° It should be pointed 
out that relatively crude preparations of penicillin were used in the present 
study and in those previously reported. There is already suggestive evidence 
that the incidence of local reactions following intramuscular injections is in- 
versely proportional to the purity of the penicillin employed.*® It is conceivable 
that in the near future a erystalline form of penicillin will be available for 
therapeutic use. If more highly purified preparations of penicillin fail to cause 
local reactions at the site of injection, the continuous intramuscular method may 
be justifiably retained as a means of administering intensive penicillin therapy. 
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ACTINOMYCOTIC INFECTION OF THE SOFT TISSUES OF TILE NECK; 


APPARENT CURE FOLLOWING LARGE DOSES OF PENICILLIN 


A Case Report 


Caprain J. H. MceCrea,* Masor R. A. STEVEN,t AND Masor O. O. WILLIAMS? 


MepicaL Corps, ARMY OF THE UNITED STATES 
HIS is a report of a ease of actinomycosis of the soft tissues of the neck 
which was treated successfully with large doses of penicillin. 
The patient, a white male officer, 28 years of age, was stationed in southern 


California. He was perfectly well until April, 1948, when he developed sore- 
ness in the region of the lower molars bilaterally. A diagnosis of impacted 
lower third molars was made and the teeth were extracted June 9, 1948, at his 
station hospital. Moderate swelling and tenderness were present on the left 
side following the operation but disappeared permanently after two weeks. The 
right side healed over a period of four weeks, but a sharply localized area of in- 
duration approximately 2 em. in diameter remained in the soft tissues of the 
neck just inferior to the angle of the mandible in the posterior cervical triangle. 
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There was persistent pain on motion of the right temporomandibular joint. 
The patient developed an ischiorectal abscess July 19, 1948. This was incised 
and drained five days later. On July 26, the patient’s right lower jaw became 
so swollen that he was unable to open his mouth. This swelling partially sub- 
sided during the next four days, but an indurated area persisted unehanged in 
the soft tissues inferior to the mandible in the right posterior cervical triangle 
until December, 1948. At this time the patient noticed a gradual increase in 
this swelling accompanied by tenderness in the region of the maxillary gland, the 
floor of the mouth, and the lateral walls of the pharynx. This increased progres- 
sively until Jan. 1, 1944, when he was unable to open his mouth to eat. He was 
readmitted to the hospital two days later and received 52 Gm. of sulfadiazine 
between Jan. 3 and 15, 1944. During these two weeks the swelling greatly re- 
duced and the range of motion in the jaw returned to normal, but a slight swell- 
ing persisted in the right submaxillary region. The swelling and induration on 
the right side of the jaw alternately increased and decreased in size during 
the next five months. He was readmitted to the hospital on May 31, 1944, and 
the involved area was treated with hot packs and rest. An x-ray of the jaw re- 
vealed no evidence of bone involvement. The mass in the neck gradually en- 
larged until it invaded the anterior cervical triangle, and July 8, 1944, a sinus 
developed just inferior to the middle third of the right mandibular ramus. The 
exudate was serous and odorless at that time. A culture taken from the sinus 
revealed the presence of Staphylococcus aurcus. 

A second sinus developed July 12, 1944. The mass continued to increase 
in size until it oeeupied the entire area from the angle of the jaw to the right 
clavicle. Seven grams of sulfadiazine were administered between July 28 
and 25 without apparent change in the patient's clinieal condition. The patient 
also received 20,000 units of penicillin intramuscularly every three hours for 
seventy-two hours beginning July 25. This regime was discontinued without 
appreciable improvement in his condition. He was transferred to Birmingham 
(ieneral Hospital on Aug. 4, 1944, for further treatment and disposition. 

Physical examination at the time of admission revealed a well-developed, 
well-nourished, 28-vear-old white male, in no apparent distress, not appearing 
acutely ill, with a brawny, indurated mass approximately 5 em. in diameter 
inferior to the posterior portion of the right mandible. There were no sinuses 
in this area of involvement, but fluctuation was easily demonstrable. There was 
a similar indurated area in the anterior cervical triangle approximately 2.5 
em. in diameter with two draining sinuses. The discharge from these sinuses 
Was serosanguineous and moderately profuse. The remainder of the physical 
examination was entirely within normal limits. The fluetuant mass in the 
posterior cervical triangle was incised and curetted Aug. 4, 1944, by Major 
James G. Dees. 

Pus obtained from the surgically incised wound was thick, gray in color, 
and contained light vellow granules. These granules, when treated with 20 
per cent potassium hydroxide on a slide, showed mycelia and clubbing typical 
of aectinomycosis or ray fungus. Material was planted on Sabouraud’s media, 
nutrient broth, and semisolid glucose agar and incubated both at room = tem- 
perature and 387° C. Gram-variable fine mycelium was obtained from the 
nutrient broth at room temperature and 37° ©., and a pure culture of fine 
branching mycelium was obtained on semisolid media. The growth was more 
abundant in the semisolid media. Some of the purulent material was centrifuged 
and a block made of the sediment. Hematoxylin and eosin stains showed typical 
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ray funeus. <A culture was sent to the Registry of Fungus Diseases at Duke 
University. Their opinion was that it should be considered as Actinomyces 
bovis. 

Penicillin was the drug of choice and it was determined to trv the drug 
in massive doses. Small doses which had been administered during previous 
hospitalization, for a total of 480,000 units, had failed to produce a cure. It was 
finally decided that this patient would be given 7,000,000 units of penicillin over 
a period of fourteen days. An initial dose of 120,000 units was administered 
Aug. 11, 1944, followed by 80,000 units intramuscularly every four hours until 
the patient had received 7,000,000 units. 

Course of Disease—There was marked decrease in the swelling and dis- 
charge from the draining sinuses during the first seventy-two hours. At the 
end of ninety-six hours the purulent discharge completely subsided and only a 
thin serous discharge was present. No discharge was evident Aug. 20, 1944, 
and the sinuses had started to heal. The induration and enlargement of the 
Ivmph glands in the anterior and posterior triangles had decreased about 50 
per cent. On Aue. 28, 1944, the sinuses and the draining incision had com- 
pletely healed and only a small amount of induration remained around the 
sites of the former sinuses and incision. By Sept. 7, 1944, the induration 
around the previous sinuses and operative scar had completely disappeared and 
no enlarged Iwmph glands were found in either anterior or posterior cervical 
triangles, 

On Jan. 4, 1945, re-examination revealed no enlarged Ivmph glands and 
there was complete disappearance of any signs of activity. The skin around the 
sinuses and operative scars was completely normal, and the officer was returned 
to full duty. 

DISCUSSION 

In our opinion this patient is completely cured. The very rapid and ap- 
parently complete recovery following the administration of massive doses of 
penicillin is strong presumptive evidence that the eure was due to the drug. 
Previous smaller doses and about two weeks of sulfadiazine had failed to effeet 
a cure. The case is reported in the hope that others may have oceasion to trv 
similar doses in cases under their care. The report is also of interest in demon- 
strating again the comparative harmlessness of huge doses of penicillin. 


Nore.—Since this paper was written, a report has been published by Walker and 
Hamilton® on the successful treatment of six cases of actinomycosis with penicillin. These 
authors used much smaller individual doses than we did but continued the treatment over a 
considerably longer period of time so that the total dosage given to each of their patients 
approximated that which we gave our patient. In one of their conclusions they state, ‘*The 
treatment with penicillin must be prolonged.’’ The dosages given by Walker and Hamilton 
to their six patients were, respectively: 8,170,000 units; 5,975,000 units; 7,845,000 units; 
3,360,000 units (twelve days later, 6,500,000 units during some extractions) ; 5,040,000 units 
(three weeks later, 2,520,000 units additional because of some persistent fluctuation) ; and 


2,794,000 units (a second course of 4,300,000 units because of a recurrence). It is our belief 
that the key to cure of this disease with penicillin lies not in prolonged treatment but in the 


administration of large doses. 





_ *Walker, John M., and Hamilton, Joseph W.: The Treatment of Actinomycosis With 
Penicillin, Ann. Surg. 121: 373, 1945. 








PROTHROMBIN IN PRESERVED BLOOD 


R. fF. Banri, C. A. TANTURI, AND R. Bay 
BuENOS AIRES, ARGENTINA 


RANSFUSION of preserved blood has proved useful, especially where 
donors have not been available and it has been necessary to replace blood 
lost through hemorrhage. 

Fresh blood transfusion is a usual procedure in instances where hemor- 
rhage is due to disturbances of coagulation; in such cases blood transfusion is 
most important since the blood contains all the necessary factors for normal 
coagulation. Should preserved blood be administered in cases of hemorrhage due 
to hypoprothrombinemia, it is advisable to learn beforehand whether the blood 
to be transfused contains sufficient amounts of prothrombin, so that the patient’s 
blood may be given, although momentarily, its capacity for normal coagula- 
tion.* * 

Several investigators have studied the prothrombin stability of preserved 
blood for transfusions. Generally, after some days, prothrombin gradually 
diminishes in the blood and hence it cannot be used for transfusions designed to 
correct. hypoprothrombinemia; however, there is considerable disparity in med- 
ical literature regarding the speed and degree of disappearance of prothrombin 
in preserved blood. Thus Belk and his co-workers! and Lord and Pastore,’ by 
means of Quick’s method,* did not find changes in the first five days, while 
Quick,® using his own method, reported a 50 per cent decrease in the first twenty- 
using Smith’s method,'® found that 


four hours. Ziegler and his co-workers," 
the prothrombin progressively decreases during the first thirty-six days, while 
Rhoads and Panzer,’ using a modified Quick’s method, found that prothrombin 
diminishes to 25 per cent in seven days and to 20 per cent by the end of ten 
days. Warner and his collaborators,® employing Smith’s procedure, found the 
following values for prothrombin: 91 per cent at the end of ten days and 50 
per cent within twenty-one and twenty-five days. According to these authors, 
the difference in results is due both to the method of preserving blood and to 
the anticoagulant used. We feel that the methods employed to determine the 
prothrombin concentration are responsible for this disparity. 
EXPERIMENTATION 

The blood used in this study was obtained from healthy adults in accordance 
with directions set by two of us'’; that is, by mixing 9 volumes of blood with 1 
volume of 0.1 N sodium oxalate (in this instance we employed sterilized sodium 
oxalate). 

The blood thus collected was divided into two portions: one portion was 
aseptically stored in 2 ¢.c, ampules; the other was centrifuged and the separated 
plasma was kept in 1 ¢.c. ampules. These were kept, for the entire duration 
of the experiment, in the icebox at the Blood Transfusion Center. 

Prothrombin determinations were carried out on those days indicated in 
Tables I and II. For fibrinogen solution, we used barium plasma prepared from 
the plasma of healthy human beings at the very moment the determinations were 
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earried out. Thus, by diluting the plasma under study with fresh barium 
plasma, we were able to avoid the changes which could be attributed to the 
plasma itself. 

In every instance, cultures were prepared from the plasma a few days after 
its separation ; the cultures were invariably negative. 


DISCUSSION 


During the first week we obtained hardly any 
thrombin time* of the preserved blood samples (see 
and 3). 


Pastore. 


significant changes in pro- 
Tables I and II and Figs. 1 
of Belk and of Lord and 
The prothrombin concentrations found with our method of determina- 
tion are shown in Tables I and II and in Figs. 1 and 2; these, far from eon- 
firming ¢ 


This finding is in agreement with those 


1 drop in the prothrombin concentration, show a remarkable increase 
which is maintained throughout the first week. From then onward a gradual 


increase is observed in prothrombin time and a drop in prothrombin concentra- 





tion, It is interesting to point out that at the end of five months (Table I), 
TABLE I.) PROTHROMBIN CONCENTRATION IN A Bhoop SAMPLE PRESERVED 
DURING FIVE MONTHS at 4° C. 
SAMPLE 1 
BLOOD BASRA i 
DAYS PROTHROMBIN TIME | PROTHROMBIN + | PROTHROMBIN TIME | PROTHROMBIN 
(SEC. ) [es ae | (SEC. ) | (PER CENT ) 
ie 19.0 Tol —— a 
19.0 124 | 19.5 | 143 
2 | 175 210 18.0 tay 
5 18.5 8 21.5 0) 
9 26.5 95 | 22.5 | 104 
13 26.0 104 25.5 105 
19 27.5 105 26.0 109 
99 28.5 | te 255 it 
De 33.0 36 37.0 47 
oF a B44 | 41.5 42 
54 35.0 28 40.5 36 
155 No clotting 30 | No clotting 37 


in 2 min. | in 2 min. 


to a 0.1 ml. of plasma to determine the 


*).2 ml. calcium-thromboplastin was added 
prothrombin time. 
































+Prothrombin concentration was determined according to the technique of Tanturi and 
Banfi, with three plasma dilutions. 
TABLE IT. PROTHROMBIN CONCENTRATION OF BLOOD AND PLASMA PRESERVED AT 4° C. 
SAMPLES | AND 2 
pers SAMPLE 2) SAMPLE 3 
BLOOD PLASMA | PLASMA 
DAYS PROTHROM- PROTHROM- PROTHROM- PROTIHROM- PROTHROM - PROTHROM- 
i BIN TIME BIN BIN TIME BIN BIN TIME BIN 
(SEC. ) (PER CENT ) (SEC. ) (PER CENT ) (SEC. ) (PER CENT ) 
oe 18.5 113 Fae 113 19.5 102 
1 19.0 146 19.0 130 19.0 128 
2 18.0 180 19.5 190 20.0 175 
3 20.0 238 17.5 180 19.5 206 
q 215 146 21.0 126 21.0 143 
6 23.0 133 20.5 103 27.0 127 
7 24.0 107 23.0 102 23.0 11] 
8 27.0 109 30.0 98 28.0) 99 
*According to our technique, the prothrombin time in normal blood is not similar to 
Quick’s because the thromboplastin we use is prepared in a different manner. Quick deter- 


mines the prothrombin concentration by plotting the prothrombin time (Quick’s normal is from 
11 to 12.5 seconds) in a chart based on determinations carried out with different dilutions of 
normal plasma. Our experience has shown that this procedure may lead to considerable 
error, since an experimental difference of one second in the timing gives rise to great varia- 
tions in the figures of prothrombin concentration. 
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the plasma, although still containing 30 per cent of prothrombin, does not clot 
if thromboplastin and caleium are added. We attribute this noncoagulability 
of the plasma to an alteration or disappearance of the fibrinogen, since through- 
out the entire experiment we have observed the appearance of precipitates or 
filaments which we believe to be fibrin. 

A comparative study of Tables I and II and Figs. 1, 2, and 3 shows that 
prothrombin time is not correspondingly shortened to the largest prothrombin 
concentration found when determinations are carried out with plasma dilutions, 
especially during the first three days of storage. The disparity in the figures 
is explained by the fact that prothrombin concentration does not vary in ae- 
cordance with the clotting time of undiluted plasma when thromboplastin-caleium 
is added (prothrombin time). This is due to the fact that even the smallest 
experimental difference in the timing gives rise to large difference in the pro- 
thrombin concentration figures. This is more marked with concentration above 
100 per cent. In fact, using our equation (constant for a given thromboplastin, 
at present vy = 0.57 ~ —9.92) we can ealculate the prothrombin times which 
would correspond to prothrombin concentration above 100 per cent; thus the 
prothrombin time corresponding to a plasma with a 100 per cent prothrombin 
concentration is 19.1 seconds, while that corresponding to 300 per cent is 18 
seconds. In previous papers'! we have pointed out this source of error and have 
emphasized the need for carrying out determinations with dilutions of each 
plasma. 

The increase found by us in prothrombin concentration during the first 
few days, or its greatest activity, cannot be attributed to modifications in the 
fibrinogen with which the thrombin reacts, because the diluting plasma (plasma 
treated with barium sulfate) was prepared each day with fresh normal plasma. 

Quick'* observed that prothrombin time increases between the fifth and 
ninth day of storage of oxalated plasma. He maintains that if this stored plasma 
is diluted with fresh alumina plasma or with plasma of a dog fed dicumarol, 
the prothrombin time thus obtained becomes shorter. Quick explains the pre- 
viously mentioned differences by suggesting that prothrombin consists of two 
factors, A and B. Of these two components, A is destroved during storage, while 
B, adsorbed by the aluminum, decreases in the plasma of dicumarol fed animals. 
When alumina plasma or dicumarol plasma is added to preserved plasma, the 
complex AB is re-established and the prothrombin time becomes shorter. 

Quick has asked us if it would be possible to explain our results in aceord- 
ance with his theory of prothrombin constitution (A and B components). To 
this effect we carried out a cross experiment (see Table III). The plasma of two 
normal subjects was studied, blood being drawn with a forty-eight-hour inter- 
val in each case. With the samples obtained on both days, diluting plasma was 
prepared and determinations were performed, According to Quick’s hypothesis, 


TABLE IIT. Stupy oF THE PLASMA AND DILUTING PLASMA PRESERVED FOR FORTY-EIGHT 
Hours AT 4° C. 
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Tube 3 containing preserved plasma should have lost factor A and the addition 
of fresh plasma should have restored prothrombin to its normal constitution 
(AB complex). If Quick is right and the increase of prothrombin concentration 
is due to the addition of factor A, present in fresh diluting plasma and absent 
in stored plasma, we should never have been able to obtain the high prothrombin 
concentration found in our experiment; at the most, we should have had a con- 
centration similar to that of fresh plasma. 

We have already stated that prothrombin time does not vary in accordance 
with the prothrombin concentration (Tables I and IL) and that this apparent con- 
tradiction during the first three days of storage could be attributed to an ex- 
perimental error in the timing. We observe that after the fourth day pro- 
thrombin time increases gradually. This would mean a corresponding decrease 
of the prothrombin concentration. However, such is not the case. This dis- 
cordance is possibly attributable to the formation of an antithrombin in stored 
plasma, as can be seen in the subsequent experiment utilizing plasma of the 
same subject. 


TABLE IV. THROMBIN TIME IN FRESH AND STORED PLASMA 


Fresh plasma 0.2 e.c. + Thrombin* 0.1 c.c. = 22 to 24 sec. 
Stored plasma (5 days) 0.2 e.c. + Thrombin 0.1 e.c. = 43 to 44 see. 











*Thrombin prepared after Eagle” in a 1/10 dilution. 


We have also met the influence of this antithrombin when determining the 
thrombin time in plasma 2 of Table III. The fresh barium plasma showed a 
thrombin time of 22 seconds, while in stored barium plasma the time was 32 sec- 
onds. These results would appear to explain the differences found in the pro- 
thrombin concentration of fresh and stored diluting barium plasma. 

The antithrombin action becomes less important when the stored plasma 
is diluted with fresh barium plasma; this explains the apparent disparity found 
between prothrombin time and concentration during storage. 

The results of the foregoing experiments lead us to suggest that the increase 
of prothrombin concentration is not due to substances contained in the fresh 
diluting plasma. 

So far, no investigator has pointed out the increase found during the first 
few days in the prothrombin concentration of stored blood and plasma. Per- 
haps this increase corresponds to a greater activity of the pre-existing prothrom- 
bin, which, under the conditions of our technique, becomes manifest as a greater 
concentration. 

Crosbie and his co-workers,? using Howell’s method through recalcification, 
found a shortening of the clotting time of blood during the first few days of 
storage. At the same time they were able to observe a rapid decrease in the num- 
ber of platelets during the first few days. It is interesting to point out a co- 
incidence in the shortening of the clotting time, a decrease of the number of 
platelets in the first few days of blood preservation (Crosbie), and an increase 
in prothrombin concentration found by us during the same period. It is possible 
that the reduction in the number of platelets results in the liberation of thrombo- 
plastin. The latter would render more sensitive the existing prothrombin, thus 
allowing a more rapid formation of thrombin at the moment of recalcification. 
This hypothesis should be the subject of further studies. 


CONCLUSIONS 


1. During the first three days, the prothrombin time of preserved plasma 
and blood undergoes slight variations. From then onward the time gradually 
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and continuously increases until the plasma, in spite of the addition of thrombo- 
plastin and calcium, becomes noncoagulable. This final nonecoagulability is not 
due to an absence of prothrombin. 

2. The prothrombin concentration, as determined by our technique, gradu- 
ally increases and reaches its ‘‘maximum”’ at the end of three days, when it 
doubles its original value; later on it gradually decreases, and by the end of 
five months it reaches a 30 per cent concentration. A hypothesis is put forward 
that this increase in concentration registered in the first few days is due to pro- 
thrombin ‘‘sensitization.’’ 

3. After a certain period, transfusion of preserved blood or preserved 
plasma will not correct a prothrombin deficiency. 
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THE ISOLATION OF HEMOLYTIC STREPTOCOCCI 
FROM THROAT SWABS 
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. numerous observations have been made concerning the appear- 
ance of streptococcus colonies on various kinds of media, comparative data 
showing the relative value of different methods in the isolation of beta hemolytic 
streptococci) from throat swabs are notably lacking. It has recently been 
shown’? that the detection of small numbers of hemolytic streptococei is 
faciliated by the preliminary incubation of throat swabs in an enrichment broth 
containing sodium azide and crystal violet. Two questions arose for which we 
were unable to find satisfactory answers in the literature. First, whether the 
number of hemolytie streptococcus isolations is materially affected by the kind 
of blood used, and second, whether plates which are inoculated in a manner 
to give deep colonies are more likely to be positive than those with surface 
inoculations. 

The recognition of hemolytic streptococcus colonies depends largely upon 
observing the changes which they produce in the blood agar used for isolation. 
Following the demonstration of hemolysis by streptococci in rabbit blood agar 
by Marmorek® in 1902 and in human blood agar by Schottmiiller* in 1903, it 
was shown that the erythrocytes of a number of different species were susceptible 
to hemolysis. Smith and Brown,’ although not the first to use horse blood, based 
their description of alpha, beta, and gamma types on the appearance of colonies 
in horse blood agar. Consequently, horse blood has been considered as standard 
in many laboratories. Horse, human, or rabbit blood was recommended by 
Holman and co-workers,® who stated that the sharpest results were probably 
obtained with horse blood. Gilbert’ reported that horse and human blood were 
equally satisfactory, but rabbit and sheep blood were found less suitable. Several! 
strains from septic sore throat were hemolytic on sheep blood under anaerobic 
conditions only, Coffey® specifies either horse or human blood, while Schaub and 
Foley’ state that rabbit, sheep, human or other blood may be used with little 
or no variation in the appearance of streptococcus colonies. 

Becker'’’ was one of the first to observe that strains of streptococci might 
be hemolytic on one kind of blood and not on others. Two strains which were 
apparently Streptococcus pyogenes were hemolytic on rabbit blood, but not on 
sheep or horse blood. A third strain hemolyzed horse and sheep cells but not 
goat, rabbit, or human cells. Smillie™ called attention to the different types of 
hemolysis produced on the blood of different animals and stated that dog and 
euinea pig blood were not satisfactory. Brown’? compared several strains 0! 
beta hemolytic streptococci in horse, human, and rabbit blood agar and found 
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that variations in appearance on these bloods were quite insignificant. The 
appearance of alpha strains, however, was so dependent upon the kind of blood 
used that certain strains resembled the beta type on one kind of blood but not 
on another. Several strains of streptococei which hemolyzed human blood but 
not sheep blood and others which hemolyzed sheep but not human blood were 
recently reported by Traut and Johnson.’* In none of these instances were the 
organisms identified serologically. 

Sheep blood agar was used by Krumwiede and Kuttner't because of its 
inhibitory properties for the Hemophilus group. The elimination of Temophilus 
hemolyticus colonies which often resemble those of hemolytie streptococei re- 
sulted in a medium which was partially selective for hemolytie streptococci. 
Human blood has a similar effect but is less inhibitory than sheep bleod.® 

It is, therefore, evident that some strains of streptococci do not produce 
the same appearance on plates prepared with various kinds of blood. To what 
extent these variations affect the efficiency of different bloods in isolating 
hemolytie streptococci is not clear. The kind of blood used in any laboratory 
depends partly upon its availability. Many laboratories do not have access to a 
source of horse blood. Rabbit blood is almost always obtainable, but when large 
quantities are required, the collection of the blood is somewhat time consuming. 
Human blood is, in most instances, available in the largest quantities, particularly 
in laboratories associated with hospitals. With the increasing prevalence of 
blood banks, many hospitals frequently have on hand sterile human blood which 
for various reasons cannot be used for transfusions. 

The possible advantage of using poured plates in preference to the more 
convenient streaked plates for the isolation of hemolytic streptococci lacks con- 
vineing evidence. Krumwiede and Valentine'® compared poured and streaked 
plates in culturing the throats of ten individuals and coneluded that typical 
hemolysis may not be present on surface-streaked plates. The necessity of a 


standard method was recognized by Becker,'’ who suggested human blood-agar- 
streaked plates. Holman and associates® indicated the desirability of observing 
both surface and deep colonies but thought that surface inoculation was suf- 
ficient for routine purposes. Brown!? showed that deep colonies are of more 
value than surface colonies in distinguishing beta, alpha, and alpha prime types. 
The value of poured plates in distinguishing serologic Groups A, B, and C was 
demonstrated by Rantz and Jewell,'® who were able to correlate type of beta 
hemolysis with serologic group provided deep colonies were observed. Fry" 
observed several strains of Group A. streptococci which formed nonhemolytic 
surface colonies when grown aerobically, but deep colonies in aerobic plates or 
surface colonies on anaerobic plates showed typical beta hemolysis. 

Long and Bliss'* recommended the use of poured rabbit blood plates for 
the isolation of minute beta hemolytic streptococci but presented no data to sup- 
port the recommendation. Both surface and poured plates with horse blood were 
used by Rantz'’ in culturing a series of 345 excised tonsils and 298 throat swabs. 
Although complete data were not given, it was stated that 88 per cent of Group 
A strains from tonsils ‘‘were as readily isolated on surface as in poured plates.”’ 
With throat swabs Rantz found that the number of isolations was influenced 
more by the skill of the technician than by the method of preparing the plates 
and coneluded that skillfully prepared surface plates were nearly as satisfactory 
as poured plates. Dingle and co-workers?’ employed both streaked and poured 
plates in several hundred throat and sputum cultures but discontinued the 
poured plates because their use ‘‘did not increase significantly the growth of 
hemolytic streptococci of the beta type.’’ No data were given. 
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The usual objection to the use of poured plates is that they are time con- 
suming and inconvenient.'!® 2° Unless several dilutions of the material to be eul- 
tured are plated, there is always a risk of obtaining too many colonies for best 
differentiation. The necessity for pouring the plates individually at the time of 
inoculation is a distinct disadvantage. The first of these objections to poured 
plates is eliminated by the use of ‘‘double poured’’ plates as described by Perry 
and Petran.*! In this method, thin agar plates are streaked in the usual manner 
and then a layer of blood agar is poured over the inoculated surface. Coffey’ 
included these streaked-poured plates as an alternative to poured or streaked 
plates but stated that further data will be required to select the most practical 
method. Streaked-poured plates were tried by Rantz,'® who found them to be 
satisfactory substitutes for poured plates. 

It has been clearly demonstrated that the types of streptococci with refer- 
ence to hemolysis can be more accurately recognized if deep rather than surface 
colonies are examined. It seems less certain, however, that plates prepared in 
a manner to produce deep colonies result in a greater number of hemolytic 
streptococcus isolations. 

The data presented in this report provide a statistical comparison of plates 
prepared with rabbit and human blood and of streaked and streaked-poured 
plates with regard to their relative efficiency in demonstrating hemolytic strepto- 
cocci on throat swabs from well children. 


METHODS 


Fresh beef heart infusion agar containing 1 per cent tryptose and adjusted 
to pH 7.6 before autoclaving was used throughout. For streaked plates blood 
was added in a concentration of 5 per cent. Rabbit blood was obtained by heart 
puncture and defibrinated by shaking with glass beads. It was stored in the 
refrigerator and usually was used within one week. Citrated human blood, 
discarded by neighboring blood banks because of positive serologic tests for 
syphilis, obtained in 500 ¢.c. amounts, was dispensed in 10 ¢.¢. bottles and stored 
in the refrigerator for as long as six weeks. The amount of hemolysis which 
occurred in this time was not sufficient to alter the appearance of the blood 
agar or to interfere with the detection of hemolytic colonies. 

In the preparation of streaked-poured plates, about 15 ¢.c. of beef heart 
infusion agar without blood were poured into each plate. These plates were 
stored in the refrigerator and were inoculated in the same manner as the streaked 
plates. Then 10 ¢.c. of melted agar containing 10 per cent blood were poured 
over the inoculated surface. In pouring this layer of blood agar, care was taken 
to disturb the inoculum as little as possible. Sometimes it was necessary to 
tilt the plate slightly in order to cover the bottom layer completely. A few 
surface colonies were desired and were always obtained, but too much mixing of 
the inoculum with the layer of blood agar made the colonies more difficult to 
fish. Best results were obtained when agar plates were prepared far enough 
in advance of inoculation so that the surface of the agar was dry. Experiments 
showed that using 5 per cent blood in both layers of agar made the plates too 
dense to read easily. Blood in the top layer only, in 5 per cent concentration, 
resulted in plates too light in color. 


All plates were inoculated from overnight broth cultures of throat swabs 
prepared in the manner previously described.!| Various ways of streaking plates 
were tried because the importance of obtaining an adequate sample of the broth 
eulture without obscuring the results by overcrowded colonies was realized. 
In our hands the following method gave the desired result most consistently. 
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A straight needle was dipped into the well-mixed broth culture and streaked 
from fifteen to twenty times over about one-third of the plate. The plate was 
then turned 90 degrees and streaking continued at right angles to the first, 
again over one-third of the plate. The plate was turned again and the procedure 
repeated. Growth was rarely too heavy on the last section of the plate to be 
streaked. 

Plates were examined after twenty-four to twenty-six hours’ incubation at 
39 to 36° C. Hemolytic colonies were fished to sections of rabbit blood agar 
plates. After incubation these subcultures were examined by inspection and 
Gram stain. Those resembling hemolytic streptococci were transferred to broth 
for confirmation by serologic grouping. Only one colony was fished from each 
plate unless the gross appearance suggested that more than one kind of hemolytic 
organism was present. 

RESULTS 

Comparison of Human and Rabbit Blood in Streaked Plates —Broth eul- 
tures of 199 throat swabs were streaked on both rabbit and human blood plates. 
The results are shown in Table I. 


TABLE [. COMPARISON OF RABBIT AND HUMAN BLOOD PLATES STREAKED FROM BrotTi CULTURES 
oF 199 THROAT SWABS 


tf BLOOD PLATES 





| 
RABBIT | HUMAN | oe ee P 
| a. & | = me 

Hemolytic streptococci isolated | a 407 «|. 70 4.8 0.11 
Group A 38 19.1] | 6.0 3.7 0.11 
Hemolytic streptococci missed | I 05> ° 25 2.0 0.0001 
Group A streptococei missed | 0 0 | 6.0 1.9 0.00] 
H. hemolyticus present | Oy 0 | - 
Suspected colonies present 118 59.3 16.6 5.0 0.001 
Unconfirmed colonies present | 37 18.6 | 8.0 3.6 0.016 
Confirmed nonhemolytie colonies - 


2 1.0 


Hemolytic streptococci of Groups A to G were isolated from eighty-one of 
the human blood plates and from sixty-six of the rabbit blood plates. Group A 
streptococci were obtained from twenty-six of the rabbit blood plates and from 
thirty-eight of the human blood plates. The difference in both cases is within the 
range of sampling error (P = 0.11). The rabbit blood plates, however, failed 
to show hemolytic streptococci sixteen times when human blood plates from the 
same swabs were positive. Only onee did the human blood plates fail when the 
rabbit blood plates were successful. Rabbit blood plates failed to isolate Group 
A streptococci twelve times or nearly one-third of all the A strains isolated. 
These comparisons of the two kinds of plates with respect to failures show 
differences which are statistically significant (P — 0.0001 and 0.001). 

The reason for rabbit blood plate failures is probably not that rabbit blood 
provides a less favorable medium than human blood. All strains grew readily 
on rabbit blood after isolation. The more likely explanation is that better 
hemolysis on human blood made the hemolytie streptococcus colonies easier to 
recognize. On eight of the rabbit blood plates, nonhemolytie colonies, subse- 
quently identified serologically, were fished because of their morphology. Only 
two of the human blood plates showed such colonies. Both these strains belonged 
to Group B. 


The greater amount of hemolysis on human blood is further reflected in the 
fact that suspected colonies which were not confirmed as hemolytic strepto- 
cocci were fished from thirty-seven of the human blood plates. Unconfirmed 
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fishings were made from only twenty-one of the rabbit blood plates and these 
included ten plates which showed [. hemolyticus. Even when these ten plates 
are included, the difference between unconfirmed fishings from rabbit and human 
blood plates is unlikely to have arisen from chanee (P 0.016). 

Two factors which might have contributed to the difference in the results of 
using rabbit and human blood were (1) that the rabbit blood was defibrinated, 
while the human blood was prevented from clotting by the addition of sodium 
citrate, and (2) that the rabbit blood was always added to the medium within 
a few days after bleeding, whereas the human blood, being obtained in larger 
quantities, was stored for several weeks before being used. In order to control 
these factors, samples of human and rabbit blood were obtained, sodium citrate 
in a concentration of 1 per cent was added to a portion of each sample, and the 
remainder of each sample was defibrinated. Blood plates poured the same day 
the blood was obtained were streaked with pure eultures of several strains of 
hemolytie streptococci. After twenty-four hours’ ineubation, plates prepared 
with citrated blood were indistinguishable from those containing defibrinated 
blood of the same species. Hemolvsis was definitely more marked on human 
than on rabbit blood agar. 

Another difference in the appearance of Group A hemolytic streptococcus 
cultures on rabbit and human blood agar was repeatedly found in the mor- 
phology of the colonies. Cultures which formed flat, matt colonies on rabbit 
blood agar tended to be convex and glossy on human blood. 

The broth containing a 1:15,000 coneentration of sodium azide used for 
preliminary culture of the swabs did not completely inhibit /7. hemolyticus. 
Since we have found /7. hemolyticus in 41 per cent of swabs from a similar group 
of children cultured directly on rabbit blood agar, the 5 per cent incidence 
here (Table 1) represents a considerable reduction. Human blood ° as well as 
the blood of certain animals'* is somewhat inhibitory for organisms of the 
hemophilus group. 

Rabbit blood plates failed most often when few hemolytic streptococci were 
present. The average number of hemolytic streptococcus colonies on the human 
blood plates from swabs which were negative on rabhit blood was eleven in 
comparison to an average of twenty-six on the same kind of plates from speci- 
mens which were positive on both rabbit and human blood. 

Comparison of Streaked and Streaked-Poured Plates~—Streaked and 
streaked-poured plates were compared on 159 throat swabs (Table I1). There 
was no significant difference between the two kinds of plates with respect to the 
total number of hemolytie streptococe: isolated or the number whieh belonged to 
(Group A. Six of the streaked plates were negative when the streaked-poured 
TABLE II, COMPARISON OF STREAKED AND STREAKED-POURED HUMAN BLoop PLATES FROM 

; BroTH CULTURES OF 169 THROAT SWABS 
BOD PLATES 


STREAKED STREAKED- | DIFF. S.D. 











P 
; POURED % DIFF, 
mm | NO & 
Hemolytic streptococci isolated 62 39.0 | 66 41.5 2.3 5.9 >0.5 
Group A 27 17.0 | 26 16.4 0.6 4.20 >0.5 
Hemolytic streptococci missed 6 3.8 2 1.3 2.5 1.8 0.16 
Group A streptococci missed 1 0.6 2 13 0.7 - - 
Suspected colonies present 78 49.1 83 52.2 Ba 6 >0.5 
Unconfirmed colonies present 16 10.1 nf 10.7 0.6 - - 
Average number of fishable colonies 9 - 1] - - - ~ 
on positive plates 
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plates were positive, while only two of the latter missed hemolytic streptococci 
which the former detected, but this difference is probably not significant (P = 
0.16). Essentially the same number of each kind of plates showed suspected 
colonies which could not be confirmed after isolation. 

The average number of isolated colonies thought to be fishable on the posi- 
tive streaked plates was nine as compared with eleven in the streaked-poured 
plates. The latter figure was based on deep colonies only and does not take 
into account the surface colonies that were frequently present. Even when 
both deep and surface suspected colonies were present, the former were fished in 
order to determine the practicability of fishing deep colonies. In no case was 
there a failure to get growth in subculture when deep colonies were fished. 
Neither was there an excessive number of impure cultures. 

As would be expected, the streaked-poured plates showed larger and clearer 
zones of hemolysis than the streaked plates. Although this difference might 
be an aid in reading the plates and in predicting the serologic group, it did 
not, in our experience, materially increase the number of streptococcus isola- 
tions. 

TABLE IIT. Comparison or RABBIT BLOOD STREAKED PLATES WITH HUMAN BLoop STREAKED- 
PourepD PLATES From Brovit CULTURES OF 159 THROAT SWABS 








BLOOD PLATES | 
RABBIT | HUMAN 
ies > 
Rieke |  STREAKED- DIFF. S.D. P 
STREAKED | iis ; bi 
‘ c POURED % DIFF. 
NO. %& , 
NO. /, 
Hemolytic streptococci isolated ~ | sf oe i 66 =641.5 #| 9.4 5.4 0.09 
Group A 19 11.9 | 26 «16.4 |} 4.5 3.9 0.23 
Hemolytic streptococci missed 14 8.8 0 0 | §.8 2.3 0.0001 
Group A streptococe! missed | ff 4.4 | 0 0 4.4 = = 
Suspected colonies present | 64 40.3 83 52.2 | 429 5.6 0.04 
Unconfirmed colonies present | 13 8.2 | i TOG i 25 ace 0.42 
Positive for H. hemolyticus 8 5.0 (0) 0) 5.0 : S 


Data on rabbit blood streaked plates are also available for comparison with 
the human blood streaked-poured plates (Table IIL). The difference in the 
number of plates showing hemolytic streptococci by these two methods is greater 
than the difference shown in Table I. The advantage of the streaked-poured 
plates with human blood over rabbit blood surface plates with respect to total 
and Group A streptococci isolated, however, is not statistically certain. On the 
other hand, no swabs were found positive by the latter which were missed by the 
former, while rabbit blood streaked plates failed fourteen times when the 
streaked-poured plates were positive. This difference appears to be highly 
significant (P — 0.0001). There was a difference of only 2.5 per cent in the 
two kinds of plates which showed hemolytie colonies not confirmed. Excluding 
the eight rabbit blood plates whieh showed IT. hemolyticus, this difference be- 
comes 7.9 per cent, which is probably significant (P — 0.007). The increased 
hemolysis due to human blood as well as that due to the presence of deep colonies 
probably contributed to this difference. 

DISCUSSION 

Although our data indicate that human blood plates are slightly superior 
to rabbit blood plates as far as demonstrating the presence of hemolytic strepto- 
cocci is concerned, there are three points to be considered in connection with the 
use of human blood. (1) Cultures on human blood agar showed more suspected 
colonies which were not confirmed as hemolytie streptococci than did the rabbit 
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blood agar plates. This fact was responsible for a certain amount of unproduc- 
tive work and, unless due care is exercised in confirming the identity of suspected 
colonies, it might lead to a number of false positive results. (2) On theoretical 
grounds, at least, one should avoid the use of human blood containing anti- 
streptolvsin. We did not encounter any blood which failed to show good zones of 
hemolysis, but the possibility should be kept in mind. (3) The difference in 
colony morphology of hemolytie streptococci on rabbit and human blood is prob- 
ably not important as far as isolation is concerned. The possible significance 
of this observation in regard to variation in eolony morphology is not apparent. 

Our failure to demonstrate an advantage for streaked-poured plates over 
streaked plates using human blood does not necessarily mean that no difference 
would have been observed if rabbit or horse blood had been used. Since deep 
colonies are more hemolytie and since eight of sixty-six positive cultures showed 
nonhemolytie surface colonies on rabbit blood plates, one might expect that 
streaked-poured plates would be more efficient than streaked plates if rabbit 
blood were used. 

It would appear that by inoculating different kinds of plates from the 
same broth cultures variable factors were reduced to a minimum in the three 
sets of data compared. In Table I the only known factor contributing to the 
difference was the kind of blood; in Table IJ, the manner of preparing the 
plates; and in Table III, both these variables were present. The comparisons 
should, therefore, be more accurate than if independent, although similar, 
samples of throat swabs had been treated according to the methods described. 


SUMMARY 


After preliminary culture in enrichment broth, 199 throat swabs from well 
children were streaked on both human and rabbit blood agar plates. Hemolytic 
streptococci were isolated from 41 per cent of the human blood plates and from 
33 per cent of the rabbit blood plates. Rabbit blood plates failed sixteen times 
to show hemolytic streptococci when the corresponding human blood plates were 
positive. Only one swab was negative on human blood when the corresponding 
rabbit blood plate was positive. The greater efficiency of human blood is 
thought to be due to the tendency of streptococci to be less hemolytie on plates 
prepared with rabbit blood. 

A second series of enrichment broth cultures of 159 throat swabs were 
examined in streaked-poured plates for comparison with surface streaked plates. 
Hemolytic streptococci were isolated from 42 and 39 per cent, respectively. This 
difference as well as the differences in the number of Group A streptococci 
isolated and the number of failures by the two methods are well within the 
range of sampling error. The data presented fail to reveal a definite advantage 
for streaked-poured plates over streaked plates using human blood infusion 


agar. 
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CLINICAL SIGNIFICANCE OF SERUM PROTEIN (ALBUMIN AND 
GLOBULIN) CHANGES 
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AY THE result of much work during recent years it has become clear that 
a knowledge of the serum protein level is of considerable significance in 
the diagnosis and treatment of many medical and surgical conditions. Thus, 
important changes of the serum protein concentration may be encountered in 
Bright’s disease, liver disease, and malnutrition, in conditions associated with 
plasma depletion, including burns, hemorrhage, tissue trauma, peritonitis, and 
intestinal obstruction, and in others. It is little wonder, then, that the clinical 
laboratories are frequently called upon to do serum protein determinations. 

Before discussing certain specifie examples of altered serum albumin and 
globulin concentrations encountered clinically, a brief consideration will be 
given to the subject of plasma protein formation and to the physiologic role 
of plasma protein in controlling fluid exchange between the plasma and_ the 
interstitial fluid compartment. 


METABOLISM OF PLASMA AND TISSUE PROTEINS 


Normal Range of Variation of Serum Proteins.—Although, for practical 
purposes, only the two protein components albumin and globulin are usually 
determined clinically, evidence points to the presence in serum of a number of 
different globulins and probably more than one albumin. As is well known, 
globulins can be separated readily from albumins by precipitation at salt con- 
centrations above a certain point. For example, in the familiar Howe proce- 
dure! the globulins are precipitated by a 22 per cent sodium sulfate solution. 
Further, when the sodium sulfate is present at concentrations of 13.5, 17.4, and 
21.5 per cent, respectively, three globulin precipitations are realized and these 
have customarily been termed euglobulin, pseudoglobulin I, and pseudoglobulin 
Il. The significance of the latter globulin fractionation has been obscured some- 
what by recent electrophoretic studies of serum,?° which showed that aside 
from albumin, serum normally contains three globulin components; namely, 
a-, B-, and y-globulin. Although relatively few data are available at present 
concerning the changes of these globulin components in health and disease, there 
would appear to be significant disturbances in their absolute and relative amounts 
in certain diseases exhibiting hyperproteinemia.* ° 


8 


From the findings of several groups of workers’ * it would appear that in 
normal adults the total serum protein concentration may vary between 6.0 and 
8.0 Gm. per 100 ¢.c.; albumin, between 3.6 and 5.5 Gm. per 100 ¢.¢.; and 
globulin, between 1.4 and 3.5 Gm. per 100 ¢.¢. The great majority of the figures 
for the total serum protein concentration apparently fall within the narrower 
limits of 6.1 and 7.7 Gm. per 100 ¢.¢.°*° The ranges of variation of serum 
albumin and globulin depend somewhat upon the method of estimation. Thus, 
Robinson, Price, and Hogden’® found, in studying the determination of the 
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albumin and globulin fractions of blood serum by the Howe method,’ that a 
variable amount of albumin is adsorbed by the filter paper. It was found, 
further, that within rather wide limits the amount of albumin adsorbed is in- 
dependent of the concentration of albumin but is dependent upon the type and 
quantity of filter paper. Such adsorption of albumin causes an error in the 
determination of the albumin concentration. Indirectly, therefore, it also causes 
an error in the globulin figure, since the latter is taken as the difference between 
the total serum protein concentration and the albumin concentration. By em- 
ploying the Howe method and introducing the precautions necessary to avoid 
loss of filtrate protein through adsorption on filter paper, Gutman and c¢o-work- 
ers® found the albumin to vary between 4.7 and 5.7 Gm. per 100 ¢.¢c. and the 
globulin to vary between 1.3 and 2.5 Gm. per 100 ¢¢, in thirty-six normal sub- 
jects. In other words, the range of values for albumin was found to be some- 
what higher and that for globulin to be somewhat lower than those usually cited. 

It seems well established" that significantly higher values for total serum 
protein and albumin may be encountered in healthy persons, for example, in 
laboratory workers and students, rather than in hospitalized control subjects. 
There is evidence® that at birth the total serum protein concentration and pro- 
tein fractions, especially the globulin, are lower than those observed in adults. 
However, the various values rise shortly after birth so that from 3 to 6 months 
of age* ' they fall within the normal ranges of variation for adults. 

Plasma Protein Formation—It would appear that the normal organism 
has a considerable reserve capacity for forming new plasma proteins sinee in 
the absence of infection or disease and in the presence of an adequate protein 
intake, an acute depletion of plasma protein is rather quickly corrected. Con- 
¢clusive information is still lacking regarding the origin of plasma_ proteins, 
especially albumin and globulin. However, Whipple and his associates'?*'’ and 
others!’ have presented evidence that the liver is the site of plasma protein pro- 
duction or, at least, is intimately concerned with plasma protein fabrication. 
The belief that the albumins come from liver seems quite well established. How- 
ever, there still remains some doubt in the case of the globulins since, even al- 
though the liver may play an important role in contributing them, there is 
evidence’® '® that the reticulo-endothelium and other cells may also be sites of 
origin of globulins. 

The ability of the normal organism to fabricate new plasma protein has 
been studied experimentally by determining the plasma protein regeneration 
following protein depletion induced either by plasmapheresis or by the admin- 
istration of a diet very low ia protein. The former method of plasma protein 
depletion has been employed extensively by Whipple and his co-workers.'* °° 
In this method the plasma protein of a dog on a basal diet is reduced and main- 
tained by repeated plasmapheresis at a level close to 4 Gm. per 100 ¢.e. This 
subnormal level of the plasma protein is assumed to act as a constant and maxi- 
mal stimulus for the production of new protein. The plasma protein production 
is then measured by determining the amount of protein which must be removed 
by plasmapheresis to maintain the plasma protein concentration at the reduced 
level. In such experiments it was found that when the plasma protein depletion 
was begun, the weekly output of protein was high at first and then gradually 
fell to a basal output. However, when the basal diet and other factors were 
kept uniform, the basal output of protein was found to remain relatively con- 
stant and such a standardized animal could then be employed to test the effect 
of diet and of other factors on protein regeneration. 
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The initial excess of new plasma protein over the basal output has been 
designated by Whipple and his co-workers as a ‘‘reserve store’’ of plasma pro- 
tein building material. Its amount was found to vary in different animals? ** 
and apparently depended upon the preliminary dietary intake, being low fol- 
lowing a period of low protein intake and high following a period of increased 
protein intake. It was found that the reserve store of protein, suitable for 
plasma protein production, could be depleted not only by plasmapheresis, but 
by fasting or by long-continued protein-free diets as well. It was found, further, 
that when the reserve stores were once depleted the animal could produce searcely 
any new plasma protein and new plasma protein production was very largely, if 
not wholly, dependent upon materials coming in from the gastrointestinal 
tract.** *° 

The studies with protein-depleted dogs have revealed a remarkable ability 
of the organism to regenerate plasma protein. Thus, it has been shown** that 
with a favorable protein intake an animal may be subjected to a regime of pro- 
longed intensive plasmapheresis without any impairment in the ability to re- 
generate plasma protein. On the other hand, chronic or acute infection may 
bring about a marked reduction of plasma protein regeneration.** ?° That 
plasma protein regeneration may be markedly influenced by the amount and 
quality of the dietary protein was early recognized by Whipple and his col- 
leagues. Thus, it was found that dogs receiving food regenerated plasma pro- 
tein more rapidly than those fasting and, further, the regeneration was found 
to be more rapid on a meat diet than on a diet of milk and bread.*" ** Vege- 
table protein in the basal ration was found to be definitely inferior to meat 
protein,?? while the ‘*poteney’’ values of beef serum, beef muscle, and casein 
were found to be in the order given.?” ** Gelatin, when added alone to the 
basal ration, was found to inerease plasma protein regeneration only slightly, 
while gelatin plus the amino acid tryptophane induced a marked regeneration.*? 
Zein was found to have no effect upon plasma protein regeneration, but when 
it was supplemented by eystine, tryptophane, lysine, and elyeine, there followed 
marked regeneration.*? More recently®® *° it has been demonstrated that a mix- 
ture of the ten purified amino acids essential for maximum growth in the rat 
was as effective by mouth as most dietary proteins for the production of plasma 
protein. 

The study of plasma protein regeneration following experimental nutri- 
tional hypoproteinemia is of considerable interest clinically, since a comparable 
situation is encountered not infrequently in patients with lowered plasma _ pro- 
tein levels due primarily to malnutrition. Weech and his collaborators*? *° 
found in dogs that the administration of a diet very low in protein resulted 
in a progressive fall of the total serum protein concentration, which at first 
was rapid and then more gradual. During this change, the globulin coneentra- 
tion was found to remain relatively constant so that the fall of serum protein 
represented a depletion of the albumin fraction. It was found, further, that 
when the period of depletion was short and the vitality of the animal was not 
impaired, the regeneration of albumin upon the resumption of adequate feeding 
was rapid and followed a path of equal daily increments until the normal con- 
centration was attained. However, after long and debilitating periods of de- 
pletion, the regeneration, although initially rapid, was found subsequently to 
be retarded and the albumin to approach the normal concentration slowly. This 
delayed regeneration was taken as evidence pointing to an injury of the mecha- 
nism concerned in forming albumin, which is presumably located in the liver. 
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Weech and Goettsch®? have presented a method of assay of dietary protein 
for serum albumin regeneration based upon the increase of the serum albumin 
concentration arising from the ingestion of a definite amount of the protein for 
a given interval by dogs after they were subjected to a low protein diet for a 
period of three weeks. These authors** found the order of potency for albumin 
regeneration of the following dietary protein sources to be beef serum, beef mus- 
cle, and casein. It will be noted that the same relative order was found, as 
given previously, when the plasmapheresis technique was utilized to produce 
plasma protein depletion. 

Blood and Tissue Protein Losses With Restricted Protein Intake.—It is 
now clear that both the blood and tissues contribute to the total nitrogen lost 
from the body during periods of restricted protein intake. From the results of 
studies of the nitrogen balance, Weech, Wollstein, and Goettseh®® found that 
roughly one-fifth of the body protein which was catabolized by the dog during a 
prolonged period of insufficient protein intake was withdrawn from the cireula- 
tion, the remaining four-fifths being derived from the tissues outside the cireula- 
tion. The latter authors observed that within the blood stream the relative 
contributions amounted to the following: hemoglobin, 18.7 per cent; albumin, 
3.1 per cent; and globulin, 0.4 per cent. Sachar, Horvitz, and Elman*® analyzed 
further the quantitative relationship between total tissue protein loss and serum 
albumin loss in dogs during a three-week period when maintained on a protein- 
free diet. These authors found that the serum albumin loss represented a small 
but relatively constant part (1 to 25 or 380) of the total protein lost from the 
body. In addition, when suitable protein was added to the diet, a similar rela- 
tionship was found to hold for the inerease of serum albumin and total tissue 
protein deposition. In other words, a loss (or a gain) of tissue protein and of 
serum albumin caused by diet paralleled each other, indicating the existence of 
a fixed partition between tissue protein and serum albumin. 

Sachar and co-workers** pointed out that the latter conclusion applies only 
when the tissue proteins and serum albumin are altered as a result of diet and 
cannot be expected to hold in cases of hypoproteinemia due to blood loss, burns, 
nephrosis, or liver disease. They emphasize the practical clinical point, how- 
ever, that in patients exhibiting hypoalbuminemia, primarily of nutritional ori- 
gin, large amounts of protein and considerable periods of time may be required 
to correct the plasma and tissue protein deficiency. 

From many studies it seems clear that the restoration of protein following 
a period of depletion from any cause must satisfy the demands of the tissues 
as well as the plasma. In problems of plasma protein replacement it is no longer 
permissible to think of the proteins of the plasma and of the tissues as entities. 
Indeed, evidence is continually mounting to support the views of Whipple and 
his colleagues,'* ! 2° that the plasma proteins are in a continuous and rapid 
exchange with the tissue proteins. 

Maintenance of Nitrogen Balance by Intravenous Administration —The 
literature pertaining to this subject has been critically reviewed recently by 
Elman.*? It would appear that the evidence points definitely to the faet that 
nitrogen balance, at least for short periods, can be achieved both with plasma 
transfusions and with the intravenous injection of mixtures of amino acids 
either in crystalline form or as hydrolyzed protein. In fact, Whipple and Mad- 
den™ have found that the dog can be maintained in a positive nitrogen balance, 
weight balance, and a sta‘e of health for weeks while receiving carbohydrate, 
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fat, minerals, and accessories by mouth and plasma protein as plasma by vein. 
There is some evidence**’ that compatibility is a prerequisite for maintenance of 
nitrogen balance with plasma transfusions, while the use of amino acid mixtures 
or of hydrolyzed protein preparations demands the presence of all of the essen- 
tial amino acids for the maintenance of nitrogen balance. 
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There is evidence** * that better utilization occurs when plasma protein 
is given by vein than when given orally. On the other hand, with the use of 
amino acid preparations or hydrolyzed protein, utilization appears equally effee- 
tive by either method of administration?” *° 44% That a large part of the 
injected protein leaves the cireulation rather quickly and presumably enters 
the tissues has been observed by a number of workers.*’** This has been found 
to occur in normal as well as in hypoproteinemie states. It would appear, there- 
fore, that the injected protein becomes distributed between the plasma and the 
tissues, possibly in proportion to their needs, which is in accord with the coneept 
of a dynamie equilibrium between the plasma and tissue proteins.'* 7° On the 
basis of these findings, it seems worth re-emphasizing that very large amounts 
of plasma (albumin) may be required to correct hypoalbuminemia in patients 


with chronic hypoproteinemia. 
PLASMA PROTEIN AND FLUID EXCHANGE ACROSS THE CAPILLARY MEMBRANE 


The exchanges between the blood and the interstitial fluids are confined 
almost entirely to the capillaries, which present an extremely large total area, 
are highly permeable to fluid, and are thus especially adapted for rapid trans- 
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fers. Further, the capillary wall appears to have the physical characteristies 
of an inert membrane (that is, nonsecretory), being permeable to water and 
erystalloids but relatively impermeable to the plasma colloids (chiefly protein). 
Since the blood in the capillaries is under a given hydrostatic pressure, it is 
necessary for the capillary membrane to be relatively impermeable to certain 
of the plasma constituents if plasma volume is to be maintained and, further, 
if there is to be a passage of fluid from the tissues into the blood against the 
pressure. The importance of the osmotic pressure of the plasma colloids in 
maintaining the equilibrium existing between blood and tissue fluid was first 
pointed out by Starling.’ The concepts which are generally accepted at present 
recognize two principal forces (capillary blood pressure and plasma_ colloid 
osmotic pressure) and two secondary forces (tissue tension and interstitial fluid 
colloid osmotic pressure). The direction of fluid movement, therefore, will de- 
pend upon the relative magnitudes of the forces tending to drive fluid from the 
capillary (capillary blood pressure and interstitial fluid colloid osmotie pressure ) 
and the forces tending to drive fluid back into the cireulation (plasma colloid 
osmotic pressure and tissue tension). At the arteriolar end of the capillary 
the forces tending to drive fluid from the capillary are in excess of those tend- 
ing to drive fluid into the capillary, while at the venous end of the capillary the 
reverse is true. Consequently, fluid leaves the capillary at the arteriolar end 
and is feturned at the venous end. It is conceivable that at some point along 
the eapillary the forces are in balance and at this point no fluid exchange would 
occur. By accepting the concept of a balance of forces, it is evident that a 
change in the magnitude of any one of the forces would affect the direetion in 
which the fluid would flow. A familiar imbalance of forces is that due to a 
lowered plasma protein (that is, albumin) concentration, since with a fall of 


the plasma albumin the colloid osmotie pressure becomes reduced. Emphasis is 
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placed on the fall of albumin in this connection because it is a smaller molecule 
than globulin and exerts about 2.4 times the osmotie activity per gram! With 
a fall of the plasma colloid osmotie pressure there would result a greater tend- 
ency to transudation and accumulation of interstitial fluid. 

Kpstein’’ was the first to point out the importance of a lowered plasma 
protein concentration in the pathogenesis of clinical edema. This fact has been 
widely confirmed subsequently and it has been shown* that when the total 
plasma protein concentration falls in adults to 5.5 + 0.3 Gm. and albumin to 
2.3 + 0.2 Gm. (and in nephrotie children when the albumin falls to 1.2 Gm. 
per 100 cc, or below?) edema is usually present. In other words, the osmotic 
pressure of proteins in normal human plasma amounts to about 30 em. of water, 
and when the plasma protein (albumin) concentration falls, the plasma colloid 
osmoti¢ pressure eventually becomes reduced to such a low level (about 20 em. 
of water’) that usually the accumulation of interstitial fluid is sufficient to 
vive evidence of palpable edema. Although there is some uncertainty regarding 
the specific osmotic pressure of the plasma protein fractions,’! several authors 
have presented formulas by means of which the colloid osmotie pressure ean be 
calculated from plasma protein concentration. Thus, Wells, Youmans, and 
Miller** found that their data could best be described by the equation, P = C 
(21.4 + 5.9 A), where P is the colloid osmotic pressure in millimeters of water, 
(" is the total protein concentration, and A is the albumin concentration in 
evrams per 100 ¢.¢. of serum. Wies and Peters,’ on the other hand, found the 
following equation to hold most accurately: P — 60.1 A + 22.9 G — 50.0, where 
P expresses the colloid osmotic pressure in millimeters of water and A and G 
represent albumin and globulin concentration in terms of grams per 100 Gm. 
of serum water. The water of serum may be estimated by the equation: Water 

98.40 — 0.718 Protein, where water and total serum protein are in terms of 
erams per 100 @.e. 

The levels of the total serum protein and albumin concentrations referred 


. 


to in the preceding paragraph are known as ‘‘eritical levels.’’ It is generally 
recognized, however, that the presence or absence of clinical edema in certain 
cases may not always be strictly related to the level of the serum protein con- 
centration. Among the various factors*® °* which may alter the simple equi- 
librium conditions indicated previously, attention should be ealled to the basic 
assumption that the eapillary wall is normally only very slightly permeable to 


protein. In this case the ‘effective’? pMsma colloid osmotie pressure would be 
practically equal to the true plasma colloid osmotic pressure. On the other 
hand, the escape of plasma protein into the interstitial fluid would reduce the 
‘effective’? plasma colloid osmotic pressure. It now seems reasonably clear 
that regional differences of capillary permeability exist and, further, capillary 
permeability may become altered; for example, as a consequence of circulatory 
disturbances or as a result of toxic damage to the capillary wall. As an addi- 
tional factor, it is a common clinical experience that, in any condition where 
there is an imbalance of forces tending to increased transudation, the excessive 
accumulation of interstitial fluid will be exaggerated by the administration of 
sodium salts and water. In other words, an important factor in the accumula- 
tion of excessive amounts of interstitial fluid is the quantity of water and sodium 
chloride that is available. 

It is evident that the latter factor must receive special attention when the 
intravenous administration of saline and/or glucose is contemplated in mal- 
nourished patients exhibiting dehydration. Not infrequently the serum protein 
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concentration at the time of first observation may be misleading and a false 
security may be placed in a normal concentration. If there has been a simul- 
taneous loss of plasma volume, the loss of total circulating plasma protein may 
be obscured. Consequently, with a correction of dehydration by saline, intra- 
venously, the serum protein concentration may fall below the ‘‘eritical level”’ 
and edema may result. It is now generally appreciated that in such patients 
uid replacement entails the use of plasma (or plasma substitutes) as well as 
saline. 


SERUM ALBUMIN AND GLOBULIN CHANGES ENCOUNTERED CLINICALLY 


Renal Disease—That the serum protein concentration may be found al- 
tered in various types of Bright’s disease is well established. In the non- 
hemorrhagic degenerative Bright’s disease or nephrosis the serum protein con- 
centration may be decreased markedly and the deficit is due almost entirely to 
albumin.®® °*°° In extreme cases the plasma albumin concentration may fall 
below 1 Gm. per 100 ¢.c., to be accompanied by marked edema. The tendency 
to edema formation in nephrosis is closely related to the serum protein (albumin ) 
concentration and hence its determination is very important elinieally. Reeent 
attempts*® °» ©? to correct the hypoalbuminemia of nephrosis by injections of 
concentrated human blood serum or concentrated human serum albumin have 
vielded results which are not too encouraging, but further careful investigations 
seem warranted. 

Hemorrhagic nephritis or glomerulonephritis may be accompanied by serum 
protein deficits which approach those observed in severe nephrosis. In acute 
glomerulonephritis the serum protein concentration may remain within normal 
limits throughout the illness if the course is mild.** °? Such cases may exhibit 
rather marked edema despite the fact that the serum protein concentration is 
within the normal range of variation. This represents an outstanding example 
of the lack of relationship between the serum protein level and tendency to 
edema, and it has been generally held that in acute glomerulonephritis the eapil- 
laries are probably injured and abnormally permeable to protein, thereby in- 
creasing the tendency to edema. However, recent observations by Warren and 
Stead®* have left some doubt that this is true. The latter authors examined 
the protein content of edema fluid collected from the subcutaneous tissues of the 
leg and from the sacral region of patients with acute glomerulonephritis. It 
was found that the values for the tota® protein content, which varied between 
0.1 and 1.0 Gm. per 100 ¢.c., did not differ significantly from those obtained on 
the edema fluid of patients with congestive heart failure. The authors expressed 
the view that, with the evidence at hand, the cause of edema in acute nephritis 
is water and salt retention secondary to a disturbance in renal function and not 
the result of diffuse capillary damage throughout the body. In any event, un- 
less a serum protein deficit ensues, the edema is usually only of short duration. 
In the more severe cases and as the condition is prolonged a serum protein deficit 
occurs wherein the albumin concentration may fall to a level definitely below 
2 Gm. per 100 ¢.c.°* © * In these patients edema is invariably present when 
the albumin concentration is below 2.2 Gm. per 100 «@<.,°° and the tendeney 
toward edema remains until the serum protein rises above the critical level. 


Chronie glomerulonephritis, the nephrotic type, or chronie active hemor- 
rhagie nephritis is accompanied by a decrease in the serum protein concentra- 
tion, representing chiefly a deficit of albumin.** °° The presence or absence of 
edema in this condition appears directly dependent upon the serum protein 
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level. As the condition progresses from the acute or the chronic stages to 
terminal glomerulonephritis, there is a tendency for the serum protein concen- 
tration to increase to normal. This apparently happens in about 50 per cent 


ot the cases,°° although lowered serum protein concentrations are not infre- 
quently encountered.”° 

Liver Disease —The alterations of the serum proteins in hepatic disease 
have attracted the attention of many workers and the change most frequently 
encountered (particularly in cirrhosis of the liver) is a deficit of the albumin 
fraction.® ° *! The globulin concentration is generally elevated so that in 
many patients the total serum protein concentration is within the normal range 
of variation. Not infrequently, however, the deficits of albumin are greater 
than the increases of globulin so that the total serum protein concentration is 
lowered. Although malnutrition may be a factor contributing to the hypoal- 
buminemia encountered,* various workers*® *:*' have emphasized the feature 
of an impairment in the fabrication of albumin. 

Malnutrition—The importance of malnutrition (inadequaate protein in- 
take and/or improper assimilation) as a predisposing factor toward the hypo- 
proteinemia observed in certain diseased conditions has become generally recog- 
nized.*® **-*4 The hypoproteinemia of malnutrition is due to a deficit of the 
albumin fraction; the globulin (except in cases complicated by infection) re- 
mains relatively constant. As was pointed out, experiments on dogs have re- 
vealed the fact that tissue protein as well as serum protein becomes depleted when 
the protein intake is inadequate. With a fall of the serum albumin, the plasma 
volume also becomes reduced, and this frequently obscures the magnitude of 
total circulating plasma albumin loss. 

Plasma Protein Deficiency in Trauma.—A tundamental problem in trauma 
(including hemorrhage, burns, ‘‘¢rush-injuries,’’ peritonitis, and intestinal ob- 
struction) is the correction or prevention of plasma (protein) depletion. 

Hemorrhage: It is now clear that an understanding of the pathologic 
physiology resulting from acute blood loss is of great importance in the man- 
agement of many medical and surgical patients. In the past, attention of the 
clinician has been directed principally to the restoration of blood cells and 
hemoglobin following acute hemorrhage. However, recent studies indicate 
that restoration of plasma volume and total circulating plasma proteins are 
equally important phenomena since these processes help to re-establish the hemo- 
dynamies of the peripheral circulation so that the hemoglobin remaining in the 
circulation can carry out its function of transporting oxygen to the tissues. 

From studies which have been carried out on normal dogs****? and on human 
subjects®*® ** it would appear that following a single non-fatal hemorrhage there 
is a prompt, but gradual, inflow of fluid and protein into the circulation. The 
initial increase of plasma volume is apparently the result of the addition of 
fluid relatively low in protein, and in from several hours to some seventy hours 
the plasma volume may exceed the control level. In general, it has been found 
that the plasma protein (albumin) is restored more slowly than the plasma 
volume and may still be subnormal at the end of several days. Apparently the 
slow return of plasma volume cannot be attributed to a lack of fluid in the 
body with which to dilute the blood, since physiologic saline, when given intra- 
venously, does not maintain blood dilution but leaves the circulation rapidly.”” * 
Likewise, the even slower return of the plasma albumin has been taken as evi- 
dence against the existence of a reserve of preformed plasma protein which 
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ean enter the blood stream in the first few minutes after hemorrhage.®? It 
seems more likely that the protein entering the circulation under these cireum- 
stances represents protein stored as a part of tissue protein outside the cireula- 
tion or that protein building materials are readily available for the fabrication 
of new protein. Since considerable evidence points to the view that there is a 
continuous traffic of plasma protein leaving and entering the circulation and 
that there is a continuous exchange between the plasma proteins and the tissue 
protein stores, the initial increase of total circulating plasma albumin following 
hemorrhage may be a redistribution of mobile plasma protein. It is of some 
interest in this connection that dogs made hypoproteinemie by diet are capable, 
without intravenous fluids, of restoring the plasma volume to the prehemorrhage 
level and of adding a small amount of plasma albumin to the circulation follow- 
ing a single nonfatal hemorrhage.* 

From experiments in which shock has been produced by graded hemor- 
rhage*” *° there appears to be a deficiency in the ability of the organism to 
dilute the blood and to add plasma protein to the circulation. In fact, as evi- 
denced by a rise of the hematocrit, there may be an actual loss of plasma fluid 
and plasma protein from the circulation when shock develops.*’ On the other 
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hand, there is evidence**-*’ against the existence of an increased permeability 
of the general capillary bed to plasma protein in hemorrhagie shock. The pro- 
gressive decline of the plasma volume in hemorrhagic shock might well be at- 
tributed to a progressive fall in the volume of actively circulating plasma asso- 
ciated with peripheral stagnation.**-*° 

The intravenous injection of physiologic solution of saline may be effective 
in restoring the blood pressure following mild hemorrhage. It is quite ineffective, 
however, in patients with surgical shock and profuse hemorrhage. Even follow- 
ing nonfatal hemorrhage the injected physiologic solution of saline rapidly leaves 
the cireulation®’ and in shock it may actually aggravate the eseape of plasma 
protein from the circulation.*” 

Burns: Following severe burns there is usually a marked negative nitrogen 
balanee®’*? which may persist for days. In addition to an increased urinary 
nitrogen output, the nitrogen loss in the exudate from surface burns may rep- 
resent a sizable per cent of the total nitrogen lost from the body.’? An out- 
standing feature of burn shock is the extreme degree of hemoconcentration asso- 
ciated with a diminished plasma volume, attributable to a leakage of plasma from 
the capillaries in the burned area and in the tissue surrounding it. Increased 
capillary permeability appears to exist only in the regions near the burn and 
apparently does not include the capillaries in an area remote from the 
burn.®* §* °° The serum protein concentration may show little change but 
is generally reduced. On the other hand, the total amount of circulating plasma 
albumin is always reduced in severe burns. 

Crush Injuries: The release of compression, due to fallen beams, masonry, 
or debris pressing heavily upon some part of the body, usually an extremity, 
has been found to be followed in a few days by oliguria which in certain cases 
progresses to anuria and death.’ *° Neither the duration of the compression 
nor the amount of the body involved appears to be directly proportional to the 
ultimate outcome. 

It has become evident that the injury results in degeneration and necrosis 


of the muscle. Apparently as the result of tissue trauma there is an altered 
permeability of the capillaries and plasmalike fluid escapes into the injured 
area. The loss of plasma volume leads to hemoconcentration and fall of blood 
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pressure. The serum proteins may be inereased at first and then return to 
normal. In some cases the serum proteins become reduced, particularly follow- 
ing the administration of erystalloid solutions, and in the latter instance there 
may be widespread edema. 

Although the circulatory effects of crush injuries are understandable, the 
more important sequela of this type of trauma, renal failure (‘‘erushed syn- 
drome’), is more difficult to interpret. When oliguria occurs, the urine is 
brownish in color and complete suppression of urine ultimately supervenes. 
Apparently various products from the necrotie muscle {myohemoglobin (myo- 
hematin), potassium, phosphate, and possibly other substances] escape into the 
circulation when it is re-established locally following the release of compression. 
The release of such products may contribute to the severe renal impairment with 


6 


death in uremia which follows in about 66 per cent of the patients.*® ° 

Peritonitis and Intestinal Obstruction: Clinieal and experimental studies’*°° 
have demonstrated that in spreading peritonitis and intestinal obstruction hypo- 
proteinemia affecting primarily the albumin fraction is of frequent occurrence. 
In both of these conditions there is a loss of fluid containing protein in the 
walls of the intestines and the peritoneal cavity. There is, therefore, a decrease 
of plasma volume which may be detected by an increase of the hematocrit. In 
many ways the pathogenesis is similar to that presented by severe burns. 

Hyperproteinemia: A number of years ago Wu'’? noted that in kala-azar 
the total serum protein concentration may be increased to 9 to 10 Gm. per 100 
cc. The inerease was found to be due to a rise of the globulin fraction, the 
albumin, on the other hand, being definitely reduced. With subsequent aecumu- 
lation of data it seems permissible to draw the generalization that whereas hypo- 
proteinemia is due chiefly to a deficiency of albumin, hyperproteinemia is due to 
an inerease of the globulin fraction. Kagan,'* '* reporting observations carried 
out on a large series of eases, with special attention to the incidence of hyper- 
proteinemia, concluded that hyperglobulinemia appears principally in diseases 
involving the bone marrow, chronic infections, diseases involving the liver, and 
in dehydration. A number of authors have reported the serum globulin to be 
increased significantly in patients with multiple myeloma," '* '°'-'°* chronic 
infections of various origins,” © '* 7 lymphogranuloma inguinale,'’* '°* Boeck’s 
sareoid,'’* *°° and cirrhosis of the liver... '°* In acute dehydration the serum 
protein concentration becomes increased, both the albumin and globulin frac- 
tions being affected. Not infrequently, however, the increased serum protein 
level in dehydration is due to increased globulin, the albumin concentration be- 
ine within the normal range of variation or even reduced."* 

Although further work appears desirable, recent electrophoretic studies of 
sera from patients exhibiting hyperproteinemia are of interest. Attempts to 
correlate the serum electrophoresis findings with protein concentrations as de- 
termined by the salting-out technique of Howe! have raised doubt that the frae- 
tionation of serum based upon solubility in salt solutions represents a clear-cut 
division. Thus, in normal human serum® the electrophoretic pattern was found 
to be essentially unchanged after precipitation in 13.5 per cent sodium sulfate 
(after the removal of euglobulin). About one-half of the gamma, one-fourth 
of the beta, and none of the alpha components were found to be removed by 
precipitation in 17.4 per cent sodium sulfate (after euglobulin and pseudoglo- 
bulin I had been removed. All of the gamma, about three-fourths of the beta, 
and one-fourth of the alpha components were found to be removed by precipi- 
tation in 21.5 per cent sodium sulfate (after everything except the albumin had 
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supposedly been removed). In other words, a considerable amount of the a- 
and B-élobulins were found to have remained with the albumin. Longsworth, 
Shedlovsky, and MacInnes* observed the electrophoretic patterns of sera from 
patients showing a variety of pathologic conditions, with fever in common, and 
all showed an increased a-globulin content. In patients with portal cirrhosis 
the B- and y-globulins were found to be increased® and the y-globulin strik- 
ingly so when ascites was present. Gutman and co-workers® carried out serum 
protein studies by the Howe method in thirty-eight patients with multiple 
myeloma and electrophoretic analyses in ten patients. As the result of these 
studies the authors concluded that most myelomatous sera fall into one of the 
following three classifications: (1) sera with hyperglobulinemia due to an 
increase chiefly in the Howe euglobulin fraction, partly to an increase of the 
pseudoglobulin I fraction and, exhibiting electrophoretically an increase in the 
gamma components; (2) sera with or without hyperglobulinemia giving a variety 
of anomalous patterns by the Howe or electrophoretic methods, for the most part 
due to Bence-Jones proteinemia; and, (3) sera of apparently normal composi- 


tion with respect to serum proteins. 
SUMMARY 


From evidence which is now available it would appear that the normal 
organism has a marked capacity to synthesize plasma proteins under condi- 
tions of stress. The ‘‘building blocks’’ for plasma protein fabrication may be 
supplied as free amino acids, hydrolyzed protein, or plasma either directly by 
vein or orally. For maintenance of nitrogen balance, however, it is necessary 
to supply in optimal amounts all of the essential amino acids. Infection and 
intoxication appear to retard plasma protein regeneration. 

There is much to support the view that the plasma proteins are in a con- 
tinuous traffic, leaving and entering the circulation and undergoing a continuous 
exchange with the tissue proteins. During periods of restricted or inadequate 
protein intake, the excess nitrogen lost from the body is contributed both by 
the plasma proteins and tissue proteins; the ratio of the loss of plasma albumin 
to tissue protein is approximately 1 to 25 or 30. With the resumption of an 
adequate protein intake, plasma albumin and tissue protein are restored in ap- 
proximately the same ratio. This emphasizes the practical point that in patients 
with serious protein depletion, primarily due to malnutrition, the correction to 
normal may require the administration of large amounts of protein and a con- 
siderable period of time may be necessary. 

Under normal conditions the escape of plasma protein (albumin) from the 
circulation is sufficiently restricted so that it can carry out its important function 
of sustaining the plasma volume. In ‘‘shocklike’’ conditions (including burns, 
crushing injuries, peritonitis, and possibly severe hemorrhage) the integrity of 
the membrane becomes disturbed. This results in a loss of protein and fluid 
from the plasma, which may lead to serious consequences. 


Significant disturbances of the serum protein concentration may be fre- 
quently encountered clinically. It seems permissible to draw the generalization 
that whereas hypoproteinemia can be attributed chiefly to a deficieney of al- 
bumin, hyperproteinemia is due to an increase of the globulin fraction. Hypo- 
proteinemia may be encountered, for example, in Bright’s disease, malnutrition 
associated with various conditions, liver disease, and various conditions asso- 
ciated with plasma protein loss. It would appear that hyperproteinemia is not 
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so rare as was once believed. Hyperproteinemia (hyperglobulinemia) may be 
encountered principally in diseases involving the bone marrow, chronic infections, 
diseases involving the liver, and in dehydration. 
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HE metallic membrane manometer, originally designed by Hamilton, Brewer, 
and Brotman,'’ was, in several respects, unsatisfactory for the work to be 
done in the Research Section of the School of Aviation Medicine: 

1. Adjustment by eight set screws was time consuming and the suspension 
from a horizontal bar rendered the instrument vulnerable to extraneous vibra- 
tions. 

2. Sensitivity was so limited that the long optical arm made operation of 
the instrument in a limited space complicated and awkward. 

3. The assembly was composed of three units: a source of light, a camera, 
and a bank of manometers, each individually mounted and somewhat difficult 
to align. 

4. The source of light consisted of a 500-watt, monoplane, filament projee- 
tion lamp enclosed in a ten-ineh, cubical brass box with an adjustable slit for 
casting the beam of light on the mirrors. This arrangement was found to be 
unsatisfactory beeause of the excessive heat generated and because of the leak- 
age of light from vents in the box. Incorporation of a fan and motor blower 
was unsatisfactory because of the vibration created. 

5. Finally, cameras for 12 em. bromide paper are difficult to purchase and 
quite expensive. The one constructed in this laboratory is simple, easily as- 
sembled, and entirely satisfactory. 

The electrical capacitance diaphragm manometer described by Lilly? was 
considered for use, but the need for multiple simultaneous records and therefore 
multiple pieces of this apparatus nullified one important requirement of the in- 
strument for the research to be done; namely, compactness. 


DESCRIPTION OF APPARATUS 


The Assembly.—A table for the manometers measuring 30 by 30 inches was 
so constructed that it could be immobilized on tripod supports or moved about 
on easters. To prevent parallax and to facilitate focusing, the height of the 
table is adjustable in order to bring the mirrors on a level with the slit of the 
camera. Although the size of the table may appear to be excessive, it was found 
that the space on it in front of the manometers is convenient for holding anti- 
septies, sponges, and other necessary items for an experiment. The base of 
each manometer carrier was attached to a tripod pan and tilt head (Fig. 1). 
These in turn were secured to a cast iron bar, 184 inches high, at one side of 
the table top. A manometer may be quickly aimed at the camera and fixed in 
position by simple manipulation of the adjustment handle of the pan and tilt 
ial the Department of Medicine, Army Air Forces School of Aviation, Medicine, Ran- 
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head, The housing, clamped within the carrier, is a circular brass tube with 
eight set screws supporting the manometer. 

Frequency and Sensitivity of Apparatus.—Sensitivity may be be aug- 
mented in three ways: by increasing the distance of the optical arm (distance 
from light source and camera to the manometer), by decreasing the thickness or 
type of membrane, and by increasing the diameter of the manometric system and 
hence the cross-sectional area through which a foree may act upon the mem- 
brane. It is impractical to lengthen the optical arm, particularly if the in- 
strument is to be employed where conservation of space is an important item. 
Membranes with a thickness of 0.001 inch or less tend to buckle when exposed to 
arterial pressures. Enlarging the diameter of the system increases the effective 
mass and decreases frequency. Hamilton, therefore, set the optimal optical 
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Fig. 1.—Manometer assembly (side view). 





distance at two meters and the most favorable mass of a system yielding ade- 
quate natural frequencies for membranes in excess of 0.001 inch in thickness 
as follows: manometer, *4, inch in diameter, 48 inches in length; lead tube, 
approximately 42 inches in length, 4 inch in diameter; 18- or 20-gauge needles. 
Employment of the instrument in small spaces, however, demands greater com- 
pactness, shorter optical distances, and hence less sensitivity. To counteract this, 
it seemed plausible to increase the diameter of the manometer. Accordingly, 
manometers were constructed with bores 4, inch in diameter. Natural fre- 
quencies remained satisfactory and sensitivity was usually increased twofold 
for identical membrane thicknesses. The larger caliber manometers so enhanced 
sensitivity, and consequently analysis of records, that we now employ them for 
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all recordings. An optical lever of one meter may be used, but where greater 
space permits, this lever is increased to two meters, 

In order to record arterial pressures accurately, it is necessary to have 
manometric frequencies in excess of 100 ¢.p.s.. Frequencies are determined 
when each manometer is assembled and checked at short intervals thereafter. 
The system is filled with sterile citrate solution and suction is applied at the 
open end of the needle. Suddenly releasing the pressure throws the manometer 
into free vibrations of its own natural frequency which may then be photo- 
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Fig. 2.—Light source and camera assemblies (left side). 





Calibration Immediately upon completion of an experimental procedure, 
all manometers are calibrated against the mercury column. It is important that 
the needles remain in a position identical to that when the record was taken. 
They are plunged into a thick rubber tube, one end of which is clamped and the 
other connected to the mercury calibrating manometer, and a series of records 
taken as the mercury is elevated by successive increments (Fig. 4). 

Membranes.—Many metals have been used to construet membranes. We 
haye suecessfully employed both coin silver and beryllium copper in thicknesses 
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ranging from 0.0005 to 0.002 inch. The beryllium copper must be heat treated 
in a sand bath at 500° F. for one hour to assure proper ‘‘springiness.’’ The 
membrane is cut to a diameter just exceeding that of the manometer. <A tiny 
stud is eecentrically soldered to its outer surface before it is transfixed to the 
manometer by the cap nut. The mirrors, either front or rear surface, are cut 
from 0.5 D planoconvex lenses, measure approximately 4 by 4 mm., and focus 
sharp vertical beams of light at two meters. Ordinary rubber cement has proved 
satisfactory for mounting them to the membrane stud. 

Light Source-—On top of the camera is the light box (Fig. 2) constructed 
of masonite 14 inch thick. It rests on a Bolex gearmaster allowing aiming of 
the beam of light in four directions. Once adjusted, locking lugs on the gear- 
master prevent accidental movement of the light box. A 50 ¢.p. automobile 
headlight bulb, with its filament in the vertical position, is attached to a slide 
within the box which, in turn, may be moved back and forth by means of a 
small lever extending through a slit to the outside. Slide adjustment is neces- 
sary to focus the beam of light through the +9.0 D cylinder at the front of the 
light box. The cylinder, mounted in a cireular retainer ring, may be rotated 
upon loosening two locking lugs. Its axis must be horizontal for the reflected 
beam to east a horizontal rectangle of light on the manometer bank. Momentary 
adjustment of the bulb slide, gearmaster, and lens retainer ring is usually 
necessary preceding each experiment. 

The masonite light box housing, together with the small bulb, prevents ex- 
cessive heating of the unit and renders ventilation (and coincidental light leak- 
age) unnecessary. Adjustment of the light beam by trial and error is simple, re- 
quiring only a few moments to obtain sharp vertical lines from the mirrors. 
Finally, the light source and camera have been incorporated on a single mount, 
facilitating compactness, mobility, and ease of alignment. 

Camera.—The camera (Fig. 2) is housed in plywood °4 inch thick and is 
composed primarily of two parts: upper (load) and lower (film eatcher) boxes. 
Access to the load box is through a slide panel, removable to the rear. It ae- 
commodates 175 feet of 12 em. bromide paper which is inserted on a roll after 
removal of a plywood shield transfixed to the box by a wing serew. The film is 
brought through a slit in the front of the load box and thence over a drive drum 
covered with a grit-surface emery cloth. Purchase of film to the drum is aided 
further by a tension roller suspended (without springs) from the roof of the 
‘amera to rest upon the drive drum. A vertical strip of spring steel guides the 
film past the exposure slit into the film catcher box. Exposed film is cut with 
a knife mounted in a guide just above the film catcher box and operated by a 
lever attached to the side of the camera (Fig. 3). When the catcher and its ex- 
posed film is removed, further exposure is prevented by a slide and spring ar- 
‘angement which closes the slit through which the film entered the box. 

A diagram of the light slit in the camera may be seen in Fig. 2. The entire 
assembly, together with the timer light, is constructed as a single unit attached 
to the face of the camera by a transfixion serew above. The width of the slit 
just in front of the recording paper is approximately 4%4 inch. The tunnel in 
front of it prevents dispersion of light among the several beams and reduces the 
parallax. 

The timer light (Fig. 3) is constructed to cast a point of light on the side of 
the film each second (Fig. 4, lowest record). A telechron motor beneath the 
camera table, operating from a 115-volt A.C. primary circuit, describes 1 r.p.s. 
It is equipped with a contact arm activating, through a transformer, a small 
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bulb at one end of the light slit. A tiny mirror reflects this light through a 
27-gauge hypodermic needle to the film. 

The motor, mounted on the side of the camera, is a small Holtzer-Cabot 
type operating from a 115-volt A.C. circuit through 60 eveles. It is so geared 
to the drive drum that camera speeds of 2 and 6 mm. per second are available. 
The faster speed is adequate for recording contour variations in arterial pres- 
sure, whereas the slower speed is more convenient for analyzing (in absolute 
systolic and diastolic pressures) slow changes over longer periods of time. 
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Records.—In Fig. 4 is a simultaneous record of the intrapulmonie pressure, 
the arterial pressure, and the venous pressure during the performance of a 
Valsalva experiment in man after a deep inspiration (called ‘‘Vi’’ maneuver). 
For the intrapulmonie pressure an air-filled system was used ; for the other pres- 
sures a fluid-filled system was used. Thicknesses of the membranes used de- 
pended on the sensitivity desired. In this record, taken at an optical distance of 
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two meters, the membranes were of the following thicknesses: arterial pressure, 
0.0015 inch; venous pressure, 0.00075 ineh; intrapulmonie pressure, rubber dam. 
CONCLUSIONS 
1. The Hamilton manometer was modified for use in limited spaces for 
recording arterial and venous pressures particularly. 
2. Changes were made in the mounting, the bore, and the method of eal- 
ibration of the manometer and in the camera and source of light. 


The authors are grateful to Mr. Frank V. Garbich, who did the construction; Lt. S. 
Rodbard, for suggesting the use of the pan and tilt head on the manometer; Dr. W. F. Ham- 
ilton, of Augusta, Ga., and Dr, L. N. Katz, of Chicago, for suggestions and essential parts; 
Technician 4th Grade Walter Wagner, for technical assistance; and Set. Ted Wade, for the 
sketches, 
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A GUINEA PIG HOLDER FOR JUGULAR AND CARDIAC NEEDLING 


H. RowLanp PEARSALL, M.D., AND OSCAR SWINEFORD, JR., M.D. 
CHARLOTTESVILLE, VA. 


A BIVALVED plaster cast has been found much more convenient than the 
conventional animal board for jugular and eardiae needling. Animals are 
immobilized more quickly and more thoroughly. Much time is saved and fewer 





Fig. 1.—R, Respiratory vent; S, setscrew; W, wire hook. 
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ig. 2; 


veins are torn by struggling during injections or aspirations. The cast is cut 
out so that it is not soiled by urine or feces. 

The essential details of the holder are illustrated in Figs. 1 and 2. Varia- 
tion in size of the pigs is accommodated for by the opening at the posterior 
end and by separation of the two halves. With small pigs a snug fit is obtained 
by placing a cloth pad beneath them. The wire hooks are used to immobilize the 
legs for femoral and saphenous punctures. The hooks are not necessary for 





jugular or cardiac needling. 





PRECIPITIN REACTION: QUANTITATIVE MEASUREMENT WITH A 
MERCURY SEALED CAPILLARY ‘‘J’’ TUBE 


I. RowLanp PEARSALL, M.D., Stanton L. Eversoire, M.D., AND 
OscAR SWINEFORD, JR., M.D. 
CHARLOTTESVILLE, VA. 


OHNSON and associates' described a modification of the Meloche micro- 
J centrifuge tube? used in the quantitative measurement of precipitin §re- 
actions. They used paraffin and a broad rubber band over the ends instead of 
sealing the capillary tube in a globule of mercury as was done by Meloche. They 
also reviewed the literature on this subject. 

This report describes another modification of the tube which retains all the 
advantages previously recognized and greatly simplifies the method of sealing 
and cleaning. 

The capillary section of the tube is made about 5 em. longer than usual 
to permit bending in the form of a ‘‘J.’’ A small filling bulb is put in the end. 
A drop of mercury put in this bulb effectively seals the lower bend of the ‘‘J.’’ 
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The antigen-antibody mixture is placed in the large end of the tube. Ade- 
quate centrifugation packs the precipitate down on the mercury. The apparent 
volume of precipitate can be measured quantitatively with the tube in the ver- 
ties] position (height x 7 r?). 
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Fig. 1.—P, Precipitate; M, mercury; F, filling bulb. 


To clean the tube simply empty the mereury and suck cleaning fluid 
through it. 
REFERENCES 
1, Johnson, M. C., Alexander, H. L., Robinson, R., and Alexander, A. B.: A Quantitative 


Method for Measurement of Precipitin Reactions, J. Allergy 15: 83, 1944. 
2. See reference 8 of Johnson and others.1 








A POLYVALENT SERUM FOR THE DIAGNOSIS OF SALMONELLA 


Oscark FELSENFELD, M.D., M.S., AND ViotA Mark Youna, M.S. 
CHicaco, Iutu. 


HERE is no means of avoiding the use of a large set of sera for the typing 

of Salmonella. It is, however, impossible for a small laboratory to carry 
such a number of sera in stock. In order to meet the requirements of smaller 
establishments, it is desirable to provide a serum which will give a positive 
reaction with most of the known types of Salmonella. Such polyvalent diag- 
nostic serum containing agglutinins for the agglutinogens of Salmonella found 
in the United States has been described by Galton and Quan.' Experience of 
the authors with Salmonella strains received from the tropies and subtropical 
regions called their attention to the necessity of widening the range of activity 
of the polyvalent sera to include*less common strains. 

A new polyvalent diagnostic serum was devised therefore which contains 
antibodies for one or more of the antigenic factors of all known Salmonella 
strains, with the exception of three rare types: Salmonella Cerro, Salmonella 
Arizona, and Salmonella Ballerup. The serum is prepared as_ follows: 

1. Motile cultures of Salmonella, checked with the aid of some appropriate 
method, for example, that of Hajna,? are inoculated separately into nine tubes 
containing measured amounts of 1 per cent sterile proteose-peptone broth with 
14 per cent sodium chloride, pH 7.2 to 7.4. The Salmonella listed in Table I are 
used. 

After twenty-four hours of incubation at 36 to 37° C., 0.85 per cent saline 
containing 0.6 per cent formalin is added to the tubes. The amount of the 
formol-saline should be equal to the volume of the broth in the tubes. The con- 
tents of the tubes are poured together into a sterile flask and preserved in the ice- 
box. 

TABLE I 


~ SALMONELLA 





ANTIGENIC STRUCTURE 





S. paratyphi A I, f1, XII a 
S. schottmuelleri iV, Vas b 
(Variety java) 

S. typhimurium IV, XII i TS Sees eee 
S. Hartford VI, VII y Q, Ty. Zac ; 
S. Muenchen Vi, Viti d, dz. d, ee ee 
S. enteritidis Lia, ai 7. ©, Mi, Zi, Ze 

S. London IT, X, XXVI LL. ¥ ie eee 
S. Selandia at, AV e, h IN: Pee acre eRe 
S. Senftenberg E, 10, AIX ae ae Pe 





At least two rabbits are inoculated into the ear vein with 6.5, 1.0, 2.0, and 
2.0 ¢.c. of this mixed ‘‘H’”’ antigen every fourth day. 

2. The surtace of eight nutrient agar slants, containing 1 per cent proteose- 
peptone, 4% per cent sodium chloride, and 1.5 per cent agar, pH 7 to 7.2, are 
inoculated heavily with the Salmonella strains listed in Table I, with the ex- 
ception of Salmonella typhimurium. After twenty-four hours of ineubation 
at 36 to 37° C., the surface growth is washed off with small amounts of absolute 
ethyl aleohol and the washings from all tubes collected into one flask and mixed 

From the Enteric Center of the Chicago Medical School. 
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and distributed into centrifuge tubes. The tubes are kept for one hour at 56° 
C. in the water bath, are centrifuged, and the aleohol drained off and substituted 
with equal volumes of 0.85 per cent saline containing 0.3 per cent formalin. 
This mixed ‘‘0’’ antigen may be preserved in the icebox for several weeks. 

The rabbits treated with the mixed ‘‘H’’ antigen receive 0.5, 1.0, and 2.0 
¢.¢. of this antigen every fourth day. 

3. Finally, the rabbits are given intravenous injections of 0.5, 1.0, and 1.0 
cc. of a mixture of live, twenty-four-hour-old proteose-peptone broth eultures 
of all Salmonella strains listed in Table I. After test bleeding, the serum 
is harvested and preserved by the addition of an equal volume of glycerin. It 
is used both for slide and for tube agglutination tests, using the known and 
reliable technique of Edwards and Bruner.* 

The serum described gave positive results with 97 stock eultures and 276 
freshly isolated strains belonging to the groups ‘* A” to ‘‘E’’ of Salmonella in 
dilutions 1:3 and higher, when the slide method was used. It agglutinated 
110 stock cultures and 298 freshly isolated Salmonella strains, members of the 
eroups ‘‘A’’ to‘ F,’’ in dilutions 1:160 and higher, when the test tube method 
was applied. Two strains of S. Ballerup and one strain of S. Cerro were not 
agglutinated by this serum. 

It is believed that this polyvalent serum may aid in the simplification of 
enterie work both in laboratories handling specimens from the United States and 
from abroad. 

SUMMARY 

The preparation of a polyvalent diagnostic serum for Salmonella is given. 
This serum may be used for slide agglutination tests of Salmonella belonging 
to the groups ‘‘A’’ to ‘‘E.’’ It gives positive test tube agglutination reactions 
with Salmonella which are members of these groups and with most strains be- 
longing to group ‘Fy’? ie. with about 99 per cent of all known Salmonella 
types. 

REFERENCES 
1. Galton, M. M., and Quan, A. L.: Varieties of Salmonella Isolated in Florida During 1942, 

Am. J. Hyg. 38: 175-177, 1945. 

2. Hajna, A. A.: Use of a ‘*U’’ Tube for the Isolation of Monophasie Varieties From 

Diphasic Salmonella Cultures, J. Bact. 48: 609-610, 1944. 

3. Edwards, P. R., and Bruner, D. W.: Serological Identification of Salmonella Cultures, 

University of Kentucky Agricultural Experiment Station Circular 54: 11-13, 

19-21, 1942. 


‘ 
‘ 


THE USE OF TEST PAPER FOR THE RAPID ESTIMATION OF 
SULFONAMIDES IN BLOOD AND OTHER BODY FLUIDS 


LIEUTENANT WintuiAmM V. La Rosa 
SANITARY Corps, Unrrep STATES ARMY 


SIMPLE and rapid method for estimating the level of sulfonamide in 

blood is of much clinical value. The importance of knowing the coneen- 
tration of free drug circulating in the blood stream of sulfonamide-treated 
patients is unquestioned. Colebrook' has pointed out that a therapeutic 
sulfonamide level is desirable and more effective at the onset of a bacterial 
infection and that the action of the drug is favored by fever temperatures. 
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Quick methods for estimating sulfonamides should retain the accuracy of the 
older methods, reduce the number of steps used, and, if possible, minimize the 
inconvenience to the patients. In a previous communication? I reported a rapid 
method using a test paper for estimating the concentration of sulfonamides in 
serum. The method differed radically from the usual procedures, and the pre- 
liminary results obtained indicated several points of superiority over tests in 
current use. The object of the present paper is to present data obtained in the 
actual clinical application of the method in an Army General Hospital. Results 
are reported on 518 samples of blood from patients being treated for a variety of 
diseases in which sulfonamide values were obtained by two methods. In each 
case the test paper value was used as a check on a parallel test run with the 
procedure of Bratton and Marshall.’ Incidentally, by predicting the sulfon- 
amide level of the unknown with the test paper, it was possible to set up only 
one standard of a value in close proximity to that of the unknown when using 
the Bratton and Marshall method. 

In my previous communication two questions were raised: (1) whether the 
test paper maintains its integrity over a period of time and (2) what effect 
varying concentrations of proteins in serum, as well as alterations of proteins 
in pathologic conditions, might have on the color produced, which might lead 
to inaccuracies. We are now ready to report more fully on these questions. 
Because the method has proved of real value in this hospital, a more detailed 
description of the procedure will be given. 

The test makes use of Ehrlich’s reagent, p-dimethylamino benzaldehyde, in 
the formation of a Schiff base with primary aromatie amines, as first described 
by Kuhnan in 1938.4. The test paper contains this reagent with a sufficient 
quantity of oxalie acid to give a pH of 2.5 when wet with serum or other 
biologie fluid. By the use of the test paper, the level of sulfonamide can be 
estimated directly in plasma, serum, and other clear biologie fluids, without the 
addition of precipitating or acidifying agents. The orange-yellow color pro- 
duced is evaluated by comparison with an appropriate color chart or with colors 
produced simultaneously from solutions of known concentrations. 


PREPARATION OF TEST PAPER 

Large pieces of a good grade of white absorbent paper,* 20 by 414 inches, 
are soaked in the reagent prepared as follows: 1 Gm. of a good grade of com- 
mercial p-dimethylamino benzaldehyde (straw colored) is dissolved in 2 ¢.c. of 
concentrated hydrochloric acid and to this are added 98 ¢.ec. of a 2.23 per cent 
chemically pure oxalic acid. The papers are drained of excess fluid and hung 
up to dry. They are now stored in the dark in covered glass jars for from five 
to ten days, during which time most of the hydrochloric acid evaporates. The 
oxalic acid remaining in the papers is sufficient to give a pH of approximately 
2.5 when mixed with body fluids. Once the papers are impregnated, they should 
not be permitted to come in contact with the skin. The edges of the papers are 
trimmed off and they are then cut into strips 50 by 8 mm. and stored in suitable 
lightproof vials. The strips are almost colorless and they will remain without 
discoloration for over one year. After long standing the test strips become 
somewhat brittle but this does not reduce their usefulness. 

COLOR STANDARDS 

A useful adjunct to the test paper is a color chart with standardized color 

strips. The colors are best reproduced with water colors adjusted to the proper 


*A satisfactory paper is Reeve Angel Filter Paper No. 201, 20 by 20 inches, distributed 
by Reeve-Angel & Co., New York, N. Y. 
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color by comparison with test strips moistened under the usual conditions with 
serum containing known amounts of sulfonamide. The standard color strips 
are mounted on a cardboard of purple hue in order to obtain good contrast. In 
the absence of a color chart the color comparison may be made with strips 
wet simultaneously with standard solutions. Standard solutions of sulfonamide 
in serum keep indefinitely when preserved with merthiolate or metaphen. <A 
single color standard is suitable for the estimation of sulfapyridine, sulfathiazole, 
and sulfadiazine ; for sulfanilamide the values read from this standard should be 
divided by 1.5. The values for other sulfonamides can be ealeulated similarly 
on the basis of molecular equivalence. The color standards are selected in 
intensities corresponding to 0, 3, 6, 9, 12, 15, and 20 me. of sulfonamide per 
100 ¢.c. or in other convenient groupings, intermediate values being estimated 
by interpolation.* 
PROCEDURE 

Estimation of the level of sulfonamide is made by spreading the solution 
to be tested evenly over one end of the test strip by means of a fine dropper. 
Capillary pipettes drawn out from glass tubing are suitable. In this way, the 
fluid is spread over the paper more by movement of the dropper than by eapil- 
larity of the paper fibers, and reagents are not leached out of areas which are 
oversaturated with the test fluid. Within ten seconds a maximum development 
of color oecurs and the test is evaluated within thirty seconds. To avoid trans- 
lucence of the paper interfering with the reading, the wet strip is placed on 
white paper or a porcelain plate. The color is then compared with the graded 
series of color standards to obtain the sulfonamide value. The color ranges from 
a pale violet or gray with normal human plasma or serum to a bright orange- 
vellow with material containing from 15 to 20 mg. sulfonamide per 100 ¢.c. By 
a fortunate circumstance, the usual concentrations of sulfonamides attained in 
the body fall within the range of easily evaluated color intensities. lor accurate 
reading of the colors the operator should be seated comfortably and he should 
receive evenly diffused light, such as the north light. Facility with the method 
is attained by practicing with sera of known concentrations for several sessions. 
Technicians usually become expert in making accurate readings within three or 
four days. In any event, in the hands of the clinician experienced in the inter- 
pretation of sulfonamide levels, plasma or serum concentrations should be 
readily classifiable into groupings such as ‘‘zero,’’ ‘‘subtherapeutic,’’ ‘‘thera- 
peutie,’’ and ‘‘toxie.’’ 


‘ 


Proteins and other substances usually found in normal or pathologic 
plasma do not interfere with the test, nor do varying concentrations of proteins 
over a wide range affect the color. In the case of oxalated blood, the test is run 
on plasma, which is readily obtained by permitting the red cells to settle out on 
standing or by centrifuging. Serum can also be used and gives the same value. 
Sulfonamide values for whole blood are not transferable to plasma or serum 
values, sinee the latter will be a little higher than the whole blood value. The 
value given to a standard serum is obtained by a sulfonamide determination run 
on the corresponding whole blood by the Bratton and Marshall method. 

In Table I is shown a comparison of values obtained by the test paper with 
those secured by the method of Bratton and Marshall. It may be noted that 
there are very few discrepancies in the values; the maximum deviations are in 
the higher concentrations and these do not exceed 3 mg., with the great majority 


*With the cooperation of the LaMotte Chemical Products Co., Towson, Baltimore, Md., 
a test kit for this test has been prepared containing color chart, test paper, and capillary tubes. 
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of the tests within 1 mg. or better. Although the method is subject to the 
usual errors of visual colorimetry, readings which agree exactly or come within 
1 mg. of the Bratton and Marshall method are obtained after some practice. 
This small discrepancy does not interfere with the accuracy necessary for 
clinical appraisal of drug therapy, and no false positive values have been en- 
countered, 


TABLE J] 
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The use of test paper for the sulfonamide determination of blood has a 
nuimber of advantages over other methods in use at present. Because the volume 
of plasma required for the test is small, it is not necessary to effect a veni- 
puncture to obtain a sample of blood. Blood drawn from a finger puncture is 
sufficient for the test. The volume of blood necessary is no more than 0.01 ¢.e. 
and this is conveniently collected in a capillary tube 68 mm. long with inside 
diameter not less than 1 mm.,* containing dried oxalate to prevent coagulation. 
Nonoxalated capillary tubes may also be used for collecting samples of blood, 
but sufficient time must be allowed for complete coagulation before proceeding 
with the test. The oxalated tubes are prepared by filling the capillary tubes 
with 3 per cent potassium oxalate, followed by drying in a horizontal position in 
an oven at about 70° C. A large number of these tubes is prepared at one time 
and, if the diameter is of proper size, no clogging of the tubes is experienced. 
The capillaries are filled two-thirds full by contact with the drop of blood, 
and the clear end is then sealed by flaming. The plasma is separated in a 
centrifuge and the tube is cut at the junction between cells and plasma. The 
plasma is then transferred to the test paper by holding the open end of the tube 
perpendicular to the test paper and guiding it down the strip. Transfer of the 
fluid is easily effected by gravity and the capillary action of the paper. For 
identification the capillaries are flagged with gummed labels bearing numbers 
or names. The practicability of this procedure has been demonstrated in our 
laboratory in a large number of cases. It is especially convenient for use with 
individuals whose veins are difficult to reach, as well as with babies being treated 
with sulfonamide. In the ease of children, the heel is usually the site chosen for 
puncture. The method is rapid and reliable as well as economical of equipment 
and man power, thus making it possible to run several tests on the same in- 


*Capillary tubes of these dimensions are supplied by the Kimble Glass Co., Vineland, N. J. 
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dividual during the course of the day without overtaxing the laboratory personnel. 
Moreover, a finger puncture is less objectionable and the patient is less disturbed. 

The test paper can be used in like manner for the estimation of sulfonamides 
in other clear body fluids, such as spinal fluid, chest fluid, svnovial fluid, and 
urine. Variation in the amount of protein in the test fluid does not affect the 
intensity of the colors produced. During chemotherapy the concentration of the 
sulfonamides in urine is normally too high for a direct quantitative reading, 
and it is necessary to dilute the urine 1 to 20 to bring the concentration within 
the range of color evaluation. By confining the test to undiluted urine, im- 
portant information may be obtained concerning the presence or absence of 
sulfonamide drug in the body, as in the case of patients who have heen trans- 
ferred recently, or in those receiving prophylactic doses for the prevention of 
meningitis, scarlet fever, venereal disease, ete. 

The reaction on the test paper is given by free sulfonamides and other 
primary aromatic amines including p-aminobenzoic acid; that is, by the same 
compounds that give color in the method of Bratton and Marshall. Urea in 
large concentrations such as are found in urine gives a delaved reaction which 
is easily distinguishable from a true sulfonamide color reaction. Sulfonamide 
ervstals found in urine are in the conjugated form and when brought into 
solution do not give a positive test. Pyrrols and indoles do not react with 
the reagent at the acidity maintained in the test. Moderate hemolysis or pig- 
mentation of body fluids seems not to interfere seriously with color matehing. 
Changes in composition of plasma due to pathologie conditions are not reflected 
in the color produced and lead to no inaccuracies. Thus the test paper appears 
to be of general use for the detection of sulfonamides. 


SUMMARY 


A method is presented for the estimation of the sulfonamide level in blood 
and other body fluids by the use of test papers impregnated with p-dimethyl- 
amino benzaldehyde. The validity of this method has been demonstrated on 
518 blood samples by comparing the test paper values with those obtained by 
the Bratton and Marshall method. The color developed on the test paper is 
evaluated by comparison with an appropriate color chart or colors developed 
with sera of known sulfonamide concentration. The method can be used with 
small volumes of blood drawn in capillary tubes from finger punctures. The 
test is applicable to plasma, serum, and other clear biologie fluids. 


I am indebted to Major Edgar S. Ingraham, Medical Corps, United States Army, Chief 
of Laboratory Service, for encouragement and cooperation given this work. 
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BOOK REVIEWS 


Patients Have Families. By Henry B. Richardson, M.D., F.A.C.P., Associate 
Professor of Clinical Medicine, Cornell University Medical College; Attend- 
ing Physician, New York Hospital; Visiting Physician, Bellevue Hospital, 
New York, N. Y. The Commonwealth Fund, 1945, New York, N. Y. Price 
$3.00. Cloth with 408 pages. 


This book is a report of a research effort (‘The Family Study’’) supported 
by the Josiah Macey, Jr. Foundation; the cooperating organizations are Cornell 
University Medical College-New York Hospital (medicine, psychiatry, public 
health, medical social service) and Community Service Society (family service, 
educational nursing). An anthropologist took part during the last months of 
the two-vear study. 

During the two years of conferences among the members of the cooperating 
professions, there developed ‘‘a capacity to communicate with each other, to 
frame questions and to attempt answers,’’ of which they had hardly been aware. 
It was decided therefore that the report of this work be addressed primarily to 
the medical profession and to the lay world concerned with medical problems 
and that it present (a) the value to the medical profession of seeing the in- 
dividual patient as a personality and as part of his family constellation and 
(b) the essential contribution which ean be made by psychiatry and the social 
disciplines to this view of the patient and to treatment plans geared to such an 
emphasis. 

The book consists of the experiences which led to the group convictions, an 
attempt at setting up concepts in terms of which types of family units and 
family equilibria can be deseribed and uniformities (if such exist) sought for 
and descriptions of the functions, procedures, and attitudes of the various co- 
operating professions. 

Only about fifteen families were considered at all systematically by the 
entire group, and these for diverse reasons. Hence it is explicitly stated that 
the families described are in no way representative of any given area or cultural 
group. 

One of the striking features of the report is the careful description of the 
history of one family known to various of the professions (chiefly in the hospital). 
It required two vears of intensive medical studies of several of the family mem- 
bers before there appeared in the medical report the slightest hint that their ill- 
nesses had any relation to factors not limited to the single organism. The hint 
was ‘‘Inadequate intake of food due to poverty.’’ It required four years before 
there appeared in the record of one family member a definite statement of a 
relation between that member’s symptoms and ‘‘emotional stress.’’ Thereafter, 
single interviews by psychiatrists and social workers brought out the fact that 
the supposed ‘‘medical’’ symptoms were temporarily related to difficulties in the 
interpersonal relations of the family members within the family and outside of 
it. Treatment could then proceed. Within a statable short period of time the 
problems of a number of persons could be brought to such a point that the end- 
less waste of medical, social, community and family time, resources, and money 
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was stopped. Psychiatrists who act as consultants to hospital medical services 
make such observations regularly, but no one has collected the data systematically 
and expressed them in terms of such objective criteria as expenditure of time, 
ete. Until this is done the inefficieney of present-day medicine as compared with 
its potential effectiveness under the same conditions has not been demonstrated 
convineingly. 

The deseription of the same family brings out another striking feature of 
present-day medicine, not stressed by the author of the report. Cornell Uni- 
versity Medical College-New York Hospital has had within its walls for some 
ten years a research group making fundamental contributions to the viewpoint 
stressed by the author of the report—that of ‘‘psychosomatice’’ medicine. Since 
1932 there has also been available a psychiatrist assigned full time by the Payne 
Whitney Clinie for work as consultant on the medical pavilions. Nevertheless, 
(about 1940) four vears were required by the medical in- and outpatient depart- 
ments to reach conclusions that demonstrably could be reached in perhaps four 
interviews, at the most, of one hour each, and were in fact so reached. The in- 
ference is warranted that even a first-rate research and teaching arrangement 
may accomplish little toward the effective teaching of the attitude that the 
patient must be considered as a behavioral unit and as a member of an inter- 
dependent system of such units. Obviously more needs to be known about the 
elements essential to suecess. A factual description of the physical setup, 
organizational relations, and interpersonal relations characterizing the medicine- 
psy¢chiatry-social work arrangement at any one place such as Cornell Medical 
College-New York Hospital might be most illuminating. 

It is difficult to detect any trace of anthropological influence in that section 
ot the report dealing with the group’s attempts to characterize ‘‘family 
equilibrium.’’ The usefulness of the convepts employed is likely to be extremely 
limited, for they are in no way defined in terms of the operations necessary to 
establish them. Examples of the concepts are imitation, identification, recipro- 
cating system, focus. Attempts to define in terms of operations the equilibria of 
pairs of interacting individuals, of families, and of societies have already been 
made by anthropologists; there is no reference to any of these attempts, some of 
which have considerable promise. 

The book has much of interest in it. It represents a first approach to the 
scientific study of a most important subject. 

GEORGE SASLOW. 


Approved Laboratory Technic. Clinical Pathological, Bacteriological, Myco- 
logical, Virological, Parasitological, Serological, Biochemical and Histo- 
logical. By John A. Kolmer, M.S., M.D., Dr. P. H., SeD., LL.D., L.H.D., 
F.A.C.P., Professor of Medicine in the School of Medicine and the School 
of Dentistry, Temple University; Director of the Research Institute of 
Cutaneous Medicine; Formerly Professor of Pathology and Bacteriology, 
(Giraduate School of Medicine, University of Pennsylvania; and Fred 
Boerner, V.M.D., Associate Professor of Clinical Bacteriology, Graduate 
School of Medicine and Assistant Professor of Bacteriology, School of 
Medicine, University of Pennsylvania; Bacteriologist, Graduate Hospital, 
Philadelphia. Fourth Edition. D. Appleton-Century Company, Ine., New 
York, N. Y. Price $10.00. Cloth with 1017 pages. 


This volume is a veritable eneyelopoedia of the most useful clinical labora- 
tory procedures and their normal values. It is intended as a companion volume 
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to Dr. Kolmer’s Clinical Diagnosis by Laboratory Examinations and contains, 
therefore, very little discussion of the significance and interpretation of ab- 
normal results. New sections have been added in this fourth edition on methods 
for examining saliva, pancreatic function, blood and urine for hormones and 
vitamins, and stools, blood, and tissues for parasites. Other chapters have been 
rewritten to include new techniques like the very useful copper sulfate method 
of Phillips and his co-workers for determining the specific gravity of whole 
blood and plasma. The material on bacteriologic, mycologic, virologic, and 
serologic methods is particularly well done. There are valuable unique sections 
like the ones on the eare, inoculation, and bleeding of laboratory animals, 
recognition of the common diseases of laboratory animals, and the prevention 
and treatment of laboratory accidents. The book is unusually well printed for a 
war volume, is profusely illustrated, and contains a wealth of charts. The style 
is simple, direct, and easy to read. 

Hospital laboratories, clinical pathologists, and medical technologists will 
find the book an essential reference work. Since it must be used in conjunction 
with the above-mentioned companion volume for e¢linical purposes, however, the 
expense involved makes it less serviceable as a textbook for medical students. 


The Marihuana Problem in the City of New York. By the Wayor’s Committes 
on Marihuana. The Jaques Cattell Press, Lancaster, Pa. Price $2.50. 
Cloth with 220 pages. 








